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PREFACE 

<ne  of  the  most  complex  and,  at  the  same  time,  extremely  important,  problems 
of  space  medicine  and  biology  is  the  collection  and  transmission  of  information  on 
the  condition  of  an  astronaut  at  a  great  distance  from  Earth.  This  problem  is 
Interlaced  with  the  ideas.  Interests,  and  methods  of  various  disciplines s  radio 
electronics  and  medicine,  psychology  and  automation,  physiology  and  cybernetics.  In 
distinction  from  physicians  and  physiologists,  who  work  in  ground  laboratories, 
specialists  in  space  medicine  are  forced  to  be  concerned  with  a  large  number  of 
limiting  factors  such  as  weight  and  size  restrictions,  power  consumption  of  on-board 
medical  equipment,  limitation  of  the  number  of  telemetering  channels,  recording  time 
and  carrying  capacity  of  channels,  and  limitations  related  to  the  prolonged  location 
of  electrodes  and  transducers  on  the  body  of  an  astronaut.  Practically  none  of  the 
known  physiological  methods  can  be  applied  under  the  conditions  of  space  flight 
without  an  appropriate  modification,  and  in  a  number  of  cases  it  is  necessary  to 
develop  fundamentally  new  methods. 

The  monograph  by  R.  M.  Bayevskiy  illuminates  a  wide  range  of  problems  related 
to  achievements  in  the  area  of  methods  for  obtaining  biomedical  information  from 
outer  space.  The  author  is  a  specialist  in  space  physiology  and  a  direct  participant 
in  Soviet  space  research.  In  summarizing  the  development  of  the  methodological  area 
of  space  physiology,  R.  M.  Bayevskiy  spends  considerable  time  on  the  perspectives  of 
physiological  measurements  in  future,  longer  and  further,  and  also  Interplanetary, 
flights.  Here,  from  strictly  scientific  positions,  many  questions  for  the  first 
time  are  considered  and  discussed,  which  until  new  were  the  objects  of  hypotheses 
and  scientific  fantasy.  General  ideas  and  concrete  solutions  tested  by  experiment 
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and  under  clinical  condition**  ara  described,  which  convinces  the  reader  not  only  in 
the  reality  of  the  practical  guarantee  of  safety  of  further,  more  complicated,  space 
flights,  but  also  in  the  expediency  of  the  recommended  solutions. 

The  first  steps  of  space  medicine  were  closely  related  to  the  application  of 
traditional  well-known  research  methods  (with  the  appropriate  modernization),  and 
the  subsequent  development  of  this  area  proceeded  in  its  own,  original  ways.  The 
book  strongly  emphasizes  this  process  of  the  transition  from  conventional 
methodological  presentations  to  new  concepts  stipulated  by  the  specific  nature  of 
space  flight,  as  well  as  by  the  present  statue  of  science  and  technology,  the  advent 
of  cybernetics  and  automation,  and  the  serioue  application  of  quantitative  methods  In 
medicine  and  biology.  In  addition,  it  was  evident  that  many  of  the  solutions  dictated 
by  the  nature  of  space  research  could  not  be  practically  applied  on  Earth.  Therefore, 
R.  M,  Bayevskiy's  book  should  be  useful  not  only  to  specialists  working  in  the  field 
of  astronautics,  but  also  for  the  extensive  group  of  physicians,  physiologists, 
engineers,  and  mathematicians  interested  in  the  problems  of  collecting,  disseminating, 
and  processing  medical  Information. 

The  book  constantly  emphasizes  the  presence  of  "feedback"  between  the  problems 
of  space  medicine  and  practical  health.  In  both  caseB  the  main  problem  is  to  ensure 
the  well-being  of  the  "patient."  It  is  natural  that  the  use  of  the  achievements  in 
space  medicine  for  improving  the  medical  service  of  the  population  is  an  important 
scientific  and  social  problem. 

R.  M.  Bayevskiy's  book  illustrates  the  necessity  of  extensive  education  of  the 
physician  and  physiologist  in  the  most  diverse  areaB  of  contemporary  science  and 
technology,  and  we  hope  that  it  will  be  received  with  interest  by  the  readers. 

*  V.  V.  Parin  and  0.  G.  Gazenko 
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INTRODUCTION 

"Science  moves  in  leaps  and  bounds, 
depending  upon  the  progress  made  by  the 
methodology.  With  each  step  of  the 
methodology  we  rise  one  level  higher, 
which  opens  up  to  us  a  wider  horizon  with 
previously  invisible  objects." 

(I.  P.  Pavlov) 

On  ^  October  1957,  the  Soviet  Union  launched  the  first  artificial  earth 
satellite  (1/IC3)  [AES]  in  the  world.  ThiB  event  began  a  new  age  in  the  history  of 
man1 1,  conquest  of  nature.  The  broad  perspective  of  interplanetary  and  space  flights, 
knowledge  of  the  planets  of  the  solar  system,  and  study  of  the  Universe  wae  expended. 
But  the  conquest  of  space  la  impossible  with  the  aid  of  only  a  few  automatic 
instruments,  let  alone  even  the  most  perfected.  It  1b  necessary  that  the  master  of 
the  spaceship  and  outer  space,  and  then  the  planets,  be  man. 

On  ?  November  1957,  the  second  Soviet  artificial  earth  satellite  wae  launched 
into  orbit  with  a  living  being  on  board,  l.e.,  the  dog  Layka*  This  flight  wae  the 
beginning  of  eystematie  biomedical  investigations  in  space,  which  in  a  little  more 
than  three  years  led  to  an  outstanding  victory  of  Soviet  and  world  science  —  the 
circumterrestrial  orbital  flight  of  pilot-astronaut  Yu.  A.  Oagarin  in  the  "Voatok" 
spaceship. 

In  the  realisation  of  these  and  subsequent  achievements,  a  significant  role 
was  played  by  space  biology  and  medicine  —  a  new  science  with  an  extremely  diversified 
range  of  problems  and  tasks.  A  characteristic  of  space  biology  is  its  close  contact 
with  the  other  natural  and  technical  sciences s  physics,  chemistry,  astronomy,  aero¬ 
dynamics,  and  radio  engineering. 
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N.  H.  Slsakyan,  V.  V.  Parin,  V.  N.  Chernigovskiy,  and  V.  I.  Yazdovskly  [254] 
thus  defined  the  basic  scientific  problems  which  make  up  the  subject  space  biology: 

1 .  Study  of  the  influence  of  extreme  factors  of  outer  space  on  living 

terrestrial  organisms. 

2.  Investigation  and  development  of  the  biological  bases  for  ensuring  space 
flights  and  life  on  the  planete. 

3.  Study  of  the  foxma  and  conditions  of  extraterrestrial  life. 

A  more  detailed  examination  each  of  thesa  problems  is  contained  In  the  works 
of  N.  M.  Sleeky an  [232,  234,  236,  238],  N.  M.  Sis&kyan,  0.  0.  G&zenko,  and  A.  M. 

Oenin  [233,  237],  0.  0.  Qazenko  [78],  and  other  authors. 

The  birth  and  development  of  the  new  science  also  stipulated  the  emergence  of 
new  research  methods  to  ensure  the  obtainment  of  the  necessary  experimental  data, 
their  interpretation,  and  analysis  [49,  199,  201].  The  flight  test  as  the  basis  of 
space  biology  and  medicine  advanced  biological  telemetry  as  its  main  method,  l.e., 
long-distance  measurement  of  various  biological  indices. 

The  large  number  of  data  recorded  in  a  space  flight  and  in  various  laboratory 
Investigations  demanded  the  creation  of  special  data-measurlng  systems  which,  on  the 
basis  of  the  latest  achievements  of  science  and  technology,  would  provide  quantitative 
measurements. 

The  collection,  t .'anemias ion,  recording,  and  processing  of  the  huge  volumes  of 
information  necessary  for  ,ne  development  of  space  biology  and  medicine  requires  the 
extensive  use  of  the  methods  and  facilities  of  radio  electronics,  automation,  and 
cybernetics. 

New  methods  are  necessary  not  only  for  providing  biomedical  investigations  in 
flight,  but  also  for  carrying  out  special  laboratory  experiments  on  Earth, 

A  very  essential  condition  is  the  compatibility  of  the  results  of  ground  and 
flight  tests;  therefore.  It  is  extremely  important  that  in  both  cases  the  same 
methods  be  used  as  much  as  possible.  Certainly,  under  laboratory  conditions  there 
are  possibilities  for  expanding  the  range  of  procedures  by  employing  methods  which 
cannot  be  used  in  a  spaceship,  but  the  condition  of  compatibility  of  the  obtained 
results  with  the  flight-test  data  should  also  be  observed  in  this  case. 

One  of  the  most  Important  problems  of  Bpace  biology  and  medicine  consists  in 
studying  the  influence  of  extreme  factors  of  outer  space  on  living  organisms.  The 
development  of  research  In  thie  direction  led  to  the  origin  of  an  Independent 
division  In  space  biology,  l.e.,  space  physiology.  Space  physiology  studies  an 


extensive  range  cf  problems  related  to  the  study  of  the  state  of  various 
physiological  systems  and  organs  during  the  action  of  extreme  factors.  Investigation 
of  tolerance  limits,  development  of  methods  for  increasing  the  resistance  of  the 
organism,  clarification  of  the  mechanisms  of  pathological  reactions  and  ways  of 
compensating  them,  problems  of  the  Interaction  of  the  organism  with  the  medium,  and 
others.  Space  physiology  1b  closely  related  to  such  areas  of  space  biology  and 
medicine  as  space  psychology  [95],  space  hygiene  [156],  space  microbiology  [116], 
and  also  other  disciplines,  e.g.,  aviation  physiology,  radiation  medicine,  and  others. 

The  tasks  of  the  preparation  and  realization  of  manned  space  flight,  which  has 
recently  occupied  a  central  position  In  Soviet  space  biology  and  medicine, 
necessitated  the  extensive  development  of  physiological  research  and,  at  the  eame 
time,  the  introduction  of  physiological  methods  Into  astronautics. 

A  systematic  account  of  the  experience  of  physiological  measurements  under 
space-flight  conditions  hae  hampered  the  dynamic  nature  of  this  scientific  endeavor. 

New  Ideas,  Instruments,  and  experimental  data  appear  daily,  which  attempt  to  satisfy 
the  ever  increasing  demands  of  astronautics.  The  huge  number  of  publications  on 
space  biology  haB  already  led  to  the  necessity  of  compiling  special  bibliographic 
publications  in  this  field  [539]}  not  less  extensive  are  the  publications  concerning 
the  methods  of  physiological  research  in  reference  to  the  accomplishment  of  space 
flights.  Bearing  In  mind  that  the  methods  of  space  physiology  are  being  developed 
to  a  definite  extent  on  the  basis  of  already  known  methods,  one  should  also  try  to 
estimate  the  expediency  of  using  in  astronautics  the  various  physiological  methods 
that  are  applied  in  other  areaB  of  medicine.  The  expediency  and  necessity  of  these 
works  is  mentioned  In  a  recent  report  concerning  a  U.  S.  Air  Force  contract  with  the 
RCA  Service  Company  for  a  study  of  the  feasibility  of  employing  electronic  methods 
for  purposes  of  physiological  monitoring  in  aviation  and  astronautics  [3733= 

Soviet  space  physiology  presently  has  the  most  experience  in  physiological 
research.  The  huge  volume  of  valuable  physiological  Information  obtained  from 
artificial  earth  satellites  and  spaceships  during  flight  experiments  with  animals  and 
the  flights  of  our  astronauts  is  a  result  of  the  development  and  improvement  of 
physiological  methods  In  astronautics.  The  value  of  physiological  methods  in 
realizing  the  first  manned  space  flight  has  been  stated  repeatedly  in  the  works  of 
N.  M,  SlBaky&n,  V.  V.  Parln,  0.  Q.  Oaeenko,  V.  I.  Yazdovskiy,  and  others  [199,  233, 
235,  73].  An  important  role  was  played  by  physiological  methods  in  providing 


reliable  medical  monitoring  during  the  flights  of  Yu.  A.  Gagarin,  0.  S,  Titov,  A.  0. 
Rikoleyev,  P.  R.  Popovich,  V.  P.  Bykovskiy,  and  V.  V.  Nikolayeva-Tereshkova  [5,  10, 
J2,  38,  49,  78,  195,  294,  295),  and  also  the  crew  of  the  multiseater  "Voskhod" 
spaceship. 

The  monograph  attempts  to  generalise  five  yeare  of  operational  experience  In 
the  area  of  physiological  measurements  in  space  (1959-1984)  from  the  point  of  view 
of  the  physician-physiologist.  The  contemporary  achievements  of  astronautics  to  a 
considerable  extent  are  the  result  of  collective  efforts.  An  especially  Important 
rola  in  spec#  physiology  was  played  by  the  collaboration  of  physicians  and  engineers. 
The  successes  attained  became  possible  only  due  to  the  friendly  work  of  physiologists, 
designers,  mathematicians,  and  all  the  sclantlfic  and  tschnlcal  personnel  that 
participated  In  the  preparation  and  performance  of  biomedical  investigations  in  space. 
Therefore,  in  all  cases,  where  it  is  possible,  references  are  made  to  published 
materials  or  persons  who  have  worked  on  the  question  in  point  are  indicated.  Along 
with  the  data  collected  in  the  USSR,  information  from  foreign  research  is  also 
discussed. 

Physiological  methods  in  astronautics  ara  considered  in  relation  to  the  general 
biological  problems  of  space  research  and  certain  aspects  of  space  technology.  The 
term  "physiological  methods"  in  this  csss  implies  not  so  much  the  specific 
methouological  procedures  (for  instance,  electrocardiography  or  pneumography),  as 
the  principles  of  accomplishing  physiological  measurements  under  space-flight 
conditions.  The  monograph  discusses,  in  sequence,  data  on  the  physiological  methods 
that  have  already  been  used  in  previous  experiments,  contemporary  methodB,  and  the 
perspectives  of  their  development.  In  examining  tha  perspectives  of  such  a  rapidly 
develt *  science  as  space  physiology,  we  had  to  make  a  careful  selection  of  data 
that  her  Iready  been  documented  in  various  scientific  publications. 

The  monograph  consists  of  li  chaptsrs.  The  historical  outline  of  physiological 
space  res*jf  ch  which  comprises  ths  first  chapter  serves  as  a  necessary  prerequisite 
to  the  fo  >wing  presentation  of  physiological  methods. 

Ths  first  part  of  the  monograph  (Chapters  2-6)  "Physiological  Data-Measuring 
systems"  is  devoted  to  general  questions  of  physiological  measurements  in  space 
flight.  The  main  purpose  of  this  section  consists  in  examining  the  methods  and 
facilities  of  space  physiology  in  reference  to  flight  experiments.  The  concept  of 
the  physiological  date-measuring  system  emphasizes  the  four  leading  aspects  of  the 
problem?  physiological  —  directed  towards  the  solution  of  its  own  physiological 
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problems;  measurement  —  based  on  the  quantitative  evaluation  of  phj jloj.ogical 
processes j  Informational  -  which  considers  the  various  physiological  data  as  signals 
which  carry  on  the  processes  occurring  In  an  organism.  Finally,  the  aspect  which 
emphasizes  the  necessity  of  applying  a  complex  of  various  facilities  united  into  a 
single  system  that  Is  intended  for  the  solution  of  a  specific  problem,  in  this  case 
for  physiological  measurements.  The  physiological  data -measuring  system  here  Is 
considered  as  a  particular  case  of  the  biological  data-aeaeuring  system. 

The  second  part  of  the  monograph  (chapters  7-11)  "Physiological  Research 
Methods"  considers  the  specific  physiological  methods  that  are  used  in  astronautics. 
Prime  attention  is  given  here  to  the  methodB  which  have  been  employed  in  flight 
experiments  with  animals  and  In  manned  flights;  however#  considerable  apace  la  also 
a..  ited  to  methods  that  have  been  developed  in  reference  to  future  space  flights. 

The  bibliographic  index  includes  more  than  800  sources.  This  was  stipulated  by 
the  multitude  of  monographs  and  the  necessity  of  considering  questions  related  to 
biology,  technology,  and  cybernetics.  The  invention  of  new  instruments  and  methods 
for  space  research  was  initially  directed  basically  towards  adapting  the  already 
existing  method*  to  new  conditions.  ThiB  also  is  now  an  important  trend  in  space 
physiology.  However  original,  purely  "space,"  solutions  have  appeared  quite  rapidly, 
which  make  it  possible  to  significantly  increase  the  reliability  and  effectiveness 
of  the  research.  These  "space"  solutions,  in  turn,  are  beginning  to  enter 
"terrestrial"  medicine  and  public  health. 

The  profound  interrelation  of  various  close  and  remotely-connected  branches  of 
knowledge  is  characteristic  for  contemporary  science.  This  interrelationship  is 
accomplished  on  the  principle  of  "feedback,"  when  an  intensive  exchange  of 
information,  ideaB,  and  experimental  data  serves  as  an  important  stimulus  of  scientific 
and  technical  progress.  A  good  example  of  this  type  of  feedback  is  the  use  of 
"terrestrial"  methods  in  space  and  "space"  methods  on  Earth.  The  achievements  of 
space  physiology  in  the  area  of  collecting  and  processing  information  are  of  serious 
value  for  extensive  medical  practice  since  the  problems  of  diagnosis,  control,  and 
prophylaxis  cannot  be  solved  effectively  without  contemporary  radio-electronic 
instrumentation  methods.  This,  in  particular,  is  the  important  role  of  space 
biology  and  medicine  which  both  Are  common  to  science  and  to  humanity. 


CHAPTER  1 

BRIEF  HISTORICAL  OUTLINE  OF  PHYSIOLOGICAL  SPACE  RE8EARCH 

Space  flights  are  a  natural  result  of  scientific  and  technical  progress.  An 
historical  survey  of  physiological  space  research  makes  it  possible  to  trace  the 
onset  and  development  of  objective  methods  of  collecting  biomedical  Information  and 
to  explain  the  main  trends  of  their  further  improvement.  The  survey  presents  data 
that  pertain  only  to  in-flight  investigations.  The  survey  consists  of  four  sections 
which  are  devoted  to  aerostats,  aircraft,  rockets,  and  spaceships,  respectively. 

Physiological  Investigations  In  Balloons  and  Aerostats 

A  balloon  was  the  first  means  by  which  man  went  into  the  air,  and  then  tha 
stratosphere.  There  is  information  that  the  first  balloon  flight  in  the  world  was 
made  by  the  Russian  inventor  Kryakutny  in  Ryazan  in  1731  1220].  More  detailed  data 
are  published  about  flights  in  balloons  designed  by  the  Montgolfier  brothers.  On 
19  September  1783,  in  Paris,  a  sheep  and  a  duck  ascended  to  a  height  of  about  500 
meters  In  one  of  these  balloons  [328].  Two  months  later,  on  21  November  1703,  the 
French  scientist  Pilttre  de  Rozler  and  a  companion.  Marquis  d'Arlandea,  ascended  to 
a  height  of  about  1  km.  The  first  unfavorable  altitude  effect  during  a  flight  in  an 
aerostat  (19  December  1783)  was  experienced  by  the  French  scientist  Jacques  Charles 
[372]. 

On  4  June  1784,  a  balloon  flight  was  made  for  the  first  time  by  a  woman, 

Madame  Thible.  The  height  of  her  ascent  was  about  3  km.  On  7  January  1705,  an 
American  physician,  Jeffrey  [sic],  and  an  Englishman  [sic],  Blanchard,  made  a 
balloon  flight  from  England  to  France.  The  first  reputable  publication  on  the 
influence  of  balloon  flight  on  the  human  organism  is  accredited  not  to  a  physician, 
but  a  Journalist,  Baldwin,  who  in  1786  published  a  scientific  work  under  the  title 


_Q_ 
'  ✓ 


"Aeropedla. " 

By  the  beginning  of  th*  19th  century  there  appeared  many  reports  by  physicians 
and  scientists  about  their  flights  In  balloons,  which  laid  the  foundation  for  the 
development  of  aviation  Mdlclne  as  a  science.  One  of  the  first  balloon  flights  for 
scientific  purposes  was  made  at  St.  Petersburg  on  12  July  lBoit  by  a  physicist. 
Academician  Ya.  A,  Zakharov.  On  24  Septestber  and  1  October  1605,  the  Russian 
physician  Kashinekiy  made  an  ascent  In  an  independently  built  balloon.  We  know  of 
the  flights  of  sane  eminent  scientists  of  that  tine,  Robertson,  Bay-Luesac,  and  Biot, 
who  described  the  symptoms  of  altitude  sickness  (hypoxia)  in  a  balloon  aBcent. 

As  the  altitude  of  balloon  flight  increased,  manifestations  of  altitude  sickness 
bee  use  dangerous  for  the  outcasts  of  the  flights.  Thus,  on  5  September  1662,  the 
director  of  the  Oreenwich  Observatory,  James  Olalsher,  and  a  scientist  by  the  name 
of  Coxwell,  nearly  died  from  acute  oxygen  starvation)  their  balloon  reached  an 
altitude  of  8600  m  and  both  aeronauts  lost  consciousness  several  times.  Olalsher' b 
observations  are  of  ouch  interest  since  hie  ascent  to  thle  altitude  without  oxygen 
equipment  le,  most  likely,  the  only  one.  Olalsher  noted  changeB  in  skin  color, 
difficulty  in  breathing,  afferentia  disturbance,  and  other  phenomena.  All  this 
demonstrated  the  need  to  pay  more  attention  to  the  preparation  of  subsequent  flights. 
Further  steps  in  the  conquest  of  altitude  are  linked  with  the  name  of  the  famous 
French  scientist  Paul  Behr,  who  established  that  disorders  In  a  hlgh-altltude  ascent 
are  cauaed  by  a  lack  of  oxygen  and  proposed  to  take  oxygen  supplies  on  a  hlgh-altltude 
flight.  Of  lmportantance  to  the  development  of  hlgh-altltude  physiology  was  the 
work  of  the  famous  Russian  scientist  I.  M.  Sechenov  [226]. 

On  15  April  1075,  *here  took  place  a  flight  in  the  balloon  "Zenith,"  which 
carried  a  email  supply  of  oxygen.  The  balloon  reached  an  altitude  of  about  0000  m. 

The  aeronauts,  Tlseandier,  Croc4-Spinelli,  and  Slvel,  could  not  use  the  oxygen 
because  they  developed  euphoria.  Only  Tlseandier  was  saved,  who  later  described 
this  state.  In  the  flight  of  the  "Zenith,"  which  was  organized  with  the  participation 
of  Paul  Behr,  attempts  were  made  to  conduct  planned  medical  investigations.  It  was 
proposed  to  measure  pules  rate,  respiration  rate,  and  body  temperature.  The 
equipment  for  the  in-flight  physical  measurements  Included  a  baronet er,  thermometer, 
and  spectroscope  [578].  Because  of  the  tragic  outcome  of  the  flight,  this  program 
was  not  carriad  out.  Nineteen  years  later,  in  1894,  the  German  scientist  Berson, 
using  the  scientific  results  of  research  on  oxygen  deficiency  made  a  successful 
ascent  to  an  altitude  of  about  9000  m  in  an  open  gondola.  He  had  oxygen  supplies 
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and  heating  facilities.  In  1901,  Beraon  and  Zttrlng,  in  a  specially  built  giant 
balloon,  ascended  to  an  altitude  of  over  11,000  m,  A  large  role  in  the  development 
of  aeronautics  was  played  by  the  great  Russian  scientist  D.  1.  Mendeleyev,  He 
ascended  by  himself  in  an  aerostat  to  an  altitude  of  up  to  3000  m.  D.  1. 

Meneyeleyev  is  credited  with  the  Idea  of  using  pressurized  cabins  for  high-altitude 
flights. 

A  new  series  of  flight*  in  balloons  with  closed  (airtight)  gondonaa  was  initiated 
In  the  1930's,  m  1932,  the  Swiss  scientists  Piccard  and  Coayna  aacended  to  an 
altitude  of  almost  18  km,  and  in  1933,  the  Soviet  stratonauts  Prokofyev  and  Oodunov 
ascended  to  an  altitude  of  £1  km.  One  year  later  there  occurred  the  flight  of 
Fedoseyenko,  Vaoenko,  and  Ueykin,  who  reached  an  altitude  of  £3  km  in  the  stratosphere 
l". 1  loon  "USSR-1".  The  Americans  Stevens  and  Anderson  ascended  approximately  the  same 
altitude  in  1935. 

Balloon  flights  at  the  end  of  the  last  century  were  of  Importance  to  research  on 
the  influence  of  decreased  barometric  pressure  on  the  human  body,  and  the  flights  in 
the  1930 *s  played  a  significant  role  in  the  development  of  means  for  protecting  man 
in  a  high-altitude  flight.  Preasurized  cabins,  air-conditioning  and  heat-control 
systems,  and  pressure  suits  were  developed  and  tested.  However,  none  of  these  flights 
made  it  possible  to  obtain  any  significant  objective  physiological  information 
inasmuch  as  at  that  time  the  means  of  telemetry  for  physiological  and  biological  data 
had  not  yet  been  developed. 

In  the  1950' s,  aerostats  were  used  by  American  scientists  for  research  in  space 
medicine.  They  studied  the  Influence  of  cosmic  rays  and  the  "feeling  of  isolation," 
checked  out  model  of  high-altitude  equipment  and  devices.  Experiments  were  conducted 
by  the  Air  Force  in  the  "Manhigh"  program  (three  flights)  and  by  the  Navy  in  the 
"Stratolab"  program  (four  flights)  [328].  The  highest  altitude  (approximately  33  km) 
was  reached  in  the  aerostat  Manhigh  IX  in  August  1957.  There  are  also  reports  that 
in  i960  an  ascent  was  made  to  an  altitude  of  approximately  37  km. 

The  application  of  methods  of  biological  telemetry  in  the  indicated  experiments 
with  transmission  of  physiologic  information  to  Earth  made  an  essential  contribution 
to  the  development  of  intrumentation  methods  of  space  medicine.  Thus,  the  aerostat 
Stratolab  V  contained  medical  equipment  for  recording  12  physiological  parameters 
[722], 

We  should  mention  the  use  of  aerostats  for  conducting  biological  investigations. 
The  Soviet  Union  in  1938  carried  out  a  biological  experiment  with  Drosophila  flies  in 


the  stratosphere  balloon  "UESR-l,"  which  esosnded  to  an  altitude  of  15*900  a  [86]. 
Experiments  with  tha  exposure  of  various  biological  specimens  (dogs*  mice*  microbes* 
plants*  Insects)  In  the  United  States  have  bean  conducted  regularly  since  19*7-  In 
a  number  of  oases  the  biological  experiments  were*  in  a  sense*  a  rehearsal  for  a 
manned  flight-  So*  Project  Nanhigh  conducted  two  flights  with  mice  and  guinea  pigs 
to  check  out  the  capsule  and  equipment.  On  9  July  i960*  the  aerostat  "Aetro-6o-8," 
with  a  tissue  culture*  Chlorella*  end  bacteria*  reached  an  altitude  of  approximately 
*8  km.  This  is  a  unique  record  for  an  high-altitude  flight  of  biological  specimens 
in  an  aerostat. 

We  should  furthsr  note  the  aerostat  flights  conducted  by  Project  "Excelsior." 
This  project  is  anticipated  an  aerostat  ascent  with  a  eubeequent  parachute  Jump  from 
an  open  gondola.  In  1959-1960,  an  American  pilot  by  the  name  of  Kittenger  made  three 
jumpe  frees  altitudes  of  24*  26,  and  >4  km.  This  event  Included  radio-telemetric 
recording  of  pulee  and  respiration*  and  also  radio  communications  during  free  fall; 
these  parameters  were  simultaneously  recorded  by  a  self-contained  automatic  recorder 
on  the  parachute  [661].  Similar  Investigations  have  a  direct  bearing  on  Improving 
safety  equipment  and  Instruments  for  monitoring  the  astronaut's  condition  during  his 
descent  to  Earth. 

Physiological  Investigations  with  Airplanes 

The  first  heavler-than-alr  craft  in  which  a  manned  flight  was  made  wsb  an 
airplane  designed  by  A.  F,  Mozhayskiy.  This  historical  flight*  which  began  the 
development  of  modern  aviation,  took  place  in  Krasnoye  Selo*  near  St.  Petersburg,  in 
the  summer  of  1882,  The  beginning  of  the  1900's  witnessed  the  rapid  development  of 
aeronautical  engineering  all  over  the  world.  On  26  June  1906,  Bl4riot  made  the  first 
flight  across  the  English  Channel.  In  191?*  a  Russian  pilot,  P.  Nesterov*  made  the 
first  acrobatic  maneuver  In  an  airplane  by  performing  a  "loop".  Airplanes  were 
employed  in  World  War  1  as  a  means  of  combat.  The  Improvement  of  aircraft  h&rdward* 
which  continuously  went  on  between  World  War  I  and  World  War  II,  made  It  possible  to 
achieve  a  large  number  of  successes  by  the  beginning  of  the  1940's.  The  non-stop 
crew  flights  of  Valeriy  fkhalov  and  Mikhail  Gromov  across  the  North  Pole  to  America* 
the  record-breaking  flight  of  the  aviatrices  (P.  Oslnenko*  V.  Grizodubova,  M. 

Raskova) ,  and  the  flights  of  Soviet  pilots  to  the  North  Pole  ar«  known  the  world 


Aviation  In  World  war  xi  was  ona  or  one  moat  important  brancn  a  o*  tna  armau 
forces.  Jet  aircraft  appeared  at  the  end  of  the  war.  The  flrat  jet  aircraft  was 
tested  In  the  USSR  at  the  end  of  the  1930's. 

Together  with  the  development  of  aviation,  aviation  medicine  was  developed  which 
was  then  one  of  the  Important  sources  of  space  medicine.  Many  of  the  problems  of 
space  medicine  are  traditional  divisions  of  aviation  medic ins t  for  Instance,  the 
influence  of  O-loadB  on  the  human  body,  and  the  effect  of  decreased  barometric 
pressure  and  severe  vibrations.  Of  importance  to  the  development  of  aviation  medicine 
was  the  work  of  the  Soviet  researchers  V.  V.  Strel'tsov,  A.  P.  Appolonov,  N.  N. 
Dobrotvorskiy,  0.  Ye.  Vladimirov,  P.  I.  Yegorov,  L.  A.  Orbell,  and  others  [ 160,  288]. 

The  airplane  la  presently  being  used  in  practical  apaca  medicine  as  a  means  of 
creating  brief  weightlessness  for  special  Investigations  and  for  astronaut  training. 

A  proposal  concerning  the  uee  of  Kepler's  parabola  for  creating  brief  weight lea aneas 
In  an  aircraft  was  published  by  F.  Haber  and  H.  Haber  In  1950  [4931*  end  in  1951  the 
first  Buch  flight  was  made  by  an  American  pilot,  S.  Crossfield.  Subsequently, 
several  such  flights  were  made  In  the  USSR,  the  United  States,  and  othar  countries 
(Italy,  France,  Argentina).  An  aircraft  also  was  used  as  means  of  simulating  the 
conditions  of  orbital  entry  and  descent  to  Earth.  For  this  purpose,  the  Influence 
of  weightlessness  was  studied  after  the  Q~ loads  created  during  aircraft  motion  on 
a  "dive  spiral"  or  by  the  0-load  created  after  a  flight  on  a  Keplerlan  parabola 
preceding  It  [326],  In  distinction  from  experiments  involving  submersion  into  water 
[478,  479],  where  physiological  effects  similar  to  those  obtained  In  weightlessness 
could  be  studied  only  partially,  or  from  experiments  with  the  aid  of  a  "reduced-weight 
tower"  [605]  or  an  elevator  [101],  where  the  duration  of  weightlessness  was  too  short 
to  cause  shifts  In  the  state  of  the  vegetative  functions  which  correspond  to  the 
zero-gravity  state  In  a  spaceship,  the  airplane  was  an  Import  suit  instrument  for 
research  as  well  as  for  astronaut  training  [516]. 

In  accordancs  with  the  Soviet  astronaut  training  program,  training  flights  In 
airplanes  specially  equipped  for  reproducing  the  conditions  of  weightlessness  had 
the  following  goals  [294,  895] t  familiarization  of  astronauts  with  the  zero-gravity 
state  and  determination  of  their  individual  resistances  study  of  the  physiological 
functions  In  the  sero-gravlty  state  and  In  transient  periods. 

The  following  recordings  wers  made  in  flight  by  means  of  on-board  automatic 
recording  devices t  electrocardiogram,  respiratory  rate,  arterial  pressure,  and 
motor  coordination  (hand-writing  analysis  ar.d  conditioned-motor  responses).  The 
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duration  of  the  period  of  weight1  nsness  amounted  to  45  see.  In  the  Initial  and 
final  perioda  cf  parabolic  flight  there  appeared  0-loada  of  3.5  *  0.5  units,  in 
these  flights,  the  possibility  and  quality  of  the  reception  and  transmission  of 
■peech  under  conditions  of  weightlessness  was  investigated  and  astronaut  activity  was 
filmed. 

In  analogous  flights  conducted  In  the  United  States,  electrocardiograms  and 
galvanic-skin  reactions  were  Investigated.  711ms  also  were  made  [326].  P-105 

aircraft  were  employed  to  record  electrocardiograms,  arterial  pressure,  respiration 
and,  in  certain  cases,  body  temperature  and  galvanic-ekln  reactions.  Simultaneous 
transmission  of  data  by  telemetry  was  accomplished  [513,  678].  It  Is  interesting 
to  note  that  certain  method!  were  first  tested  in  airplanes  which  were  then  UBed  on 
e  spaceship i  for  instance,  impedance  pneumography  [513].  The  American  rocket  plane 
X-15,  which  is  designed  to  climb  to  sui  altitude  of  up  to  80  km  with  a  speed  of 
approximately  6000  ka^Air  for  the  purpose  of  monitoring  the  pilot* s  condition,  was 
equipped  to  conduct  telemetric  transmission  of  pulBe  rate,  respiratory  rate  [451], 
body  temperature  and  suit  pressure  [465]. 

Thus,  physiological  investigations  In  airplanes  made  It  possible  to  obtain  the 
first  information  on  the  action  of  accelerations  and  weightlessness,  and  also  to 
check  the  effectiveness  of  a  number  of  research  methods.  It  was  established  that 
during  the  creation  of  brief  weightlessness  there  can  appear  vegetative  and  sensory 
disturbances.  These  phenomena  are  encountered  five  times  less  frequently  in  persons 
having  flight  experience  [139].  It  was  also  pointed  out  that  during  the  Intermittent 
influence  of  accelerations  and  weightlessness  there  can  occur  regular  shifts  In  the 
circulatory,  respiratory,  and  central  nervous  systems  [132]. 

Physiological  Investigations  with  Rockets 

Balloons,  aerostats,  and  airplanes  made  it  possible  for  the  scientist  to  gain 
the  experience  of  hlgh-altitude  flights  and  to  become  acquainted  with  same  of  the 
dangers  standing  In  the  path  to  space.  However,  the  only  swans  of  studying  outer 
space  at  the  present  time  Is  the  rocket.  Therefore,  Investigations  with  rockets 
marked  the  beginning  of  the  practical  development  of  astronautics  and  made  it 
possible  to  carry  out  the  first  biomedical  experiments  in  space. 

Rockets  served  as  military  weapons  in  ancient  times.  There  Is  a  legend  about 
an  attempt  to  lift  a  man  Into  the  air  with  the  aid  of  several  rockets  Ignited 
simultaneously;  naturally,  such  an  attempt  could  not  have  a  safe  ending  [448].  The 
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flrat  flight  of  a  living  being  in  n  rocket  took  place  at  Paris  In  I806.  A  gunsmith 
named  Ruggieri  successfully  launched  a  rabbit  which  safely  descended  to  the  ground 
on  a  parachute,  but  this  flight  was  neither  based  on  scientific  calculation  nor 
good  luck.  Only  after  almost  I50  years  later  could  Ruggieri' s  experiment  be 
repeated. 

The  Russian  revolutionary  Nikolay  Kibal'chlch  was  the  first  to  design  a  rocket 
ship  for  space  flight.  Xn  1883,  from  hiB  prison  cell,  he  wrote  his  scientific 
testament,  which  was  discovered  in  the  archives  of  the  police  department  only  after 
the  Greet  October  Revolution.  It  is  interesting  to  note  that  the  principle  of  the 
rocket  platform  which  was  proposed  by  N.  Kibal'chlch  was  used  in  project  "Orion"  by 
the  u.  s.  Air  Force  in  i960  [648], 

The  first  large-scale  work  that  contained  the  scientific  foundation  of  the 
applicability  of  Jet  engines  for  space  flight  waB  written  by  K.  E.  Tsiolkovskyi 
"Investigating  Space  with  Rocket  Devices."  The  first  chapters  of  this  work  were 
printed  in  1903  in  the  Journal  "Scientific  Review"  and  only  in  1911  did  its 
continuation  appear  In  the  Journal  "Herald  of  Aeronautics".  K.  E.  Tsiolkoveky  is 
rightfully  considered  to  be  the  founder  of  scientific  astronautics.  His  works 
anticipated  many  contemporary  discoveries  and  inventions.  The  theoretical  research 
and  experimentation  in  the  field  of  Jet  propulsion  which  was  conducted  in  the 
twenties  and  thirties  in  our  country  (N.  A.  Rynin  and  F.  A.  Tsander)  and  abroad  (H. 
Oberth  in  Germany,  R.  Goddard  in  the  United  States,  and  Esnault-Pelterle  in  France) 
made  it  possible  to  construct  the  first  rockets  —  the  prototypes  of  future 
spaceships.  Work  on  rocket  weapons  which  were  employed  in  World  War  II,  was  an 
important  Btage  in  the  development  of  astronautics. 

The  first  biomedical  experiments  with  rockets,  which  wore  initiated  by  American 
researchers  in  1946,  used  captured  V-2  rockets.  On  17  December  1945,  at  the  Wright 
Field  proving  ground,  the  first  launching  of  a  V-2  rocket  was  conducted  with  a 
capsule  containing  mushroom  spores  to  an  altitude  of  183  km.  However,  the  capsule 
was  not  found  after  the  flight.  Cn  20  February  1947,  American  scientists  were  able 
to  recover  a  capsule  containing  fruit  flies  from  altitude  of  109  km.  Then  four  V-2 
rockets  were  launched  with  monkeys  onboard.  The  first  attempt  to  send  an  animal 
into  space  was  made  on  11  June  1948  (project  "Albert  I"),  However,  this  attempt 
ended  In  failure.  The  second  experiment  ("Albert  II")  took  place  on  14  June  1949. 
Although  the  monkey  died  (during  landing),  valuable  data  were  obtained  by  meanB  of 
radio-telemetry  on  the  pulse  and  respiration  of  the  animal  during  the  entire  flight 
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to  on  Altitude  of  ItO  la.  In  this  flight*  physiological  data  ware  transmitted  for 
the  first  tins  to  Barth  fran  on  board  a  rocket  by  means  of  radio-telemetry.  The 
third  experimental  7-2  flight  again  was  a  failure*  and  finally,  in  the  fourth  flight 
(in  the  summer  of  1950)  they  succeeded  in  studying  the  motor  responses  of  Intact  mice 
with  the  eld  of  a  oamera  which  was  actuated  in  specific  time  intervale. 

In  1951*  American  researchers  began  to  use  "Aerobes"  rockets  for  biological 
experiments.  Three  launchings  were  made  with  monkeys,  which  were  under  narcosis, 
and  micet  the  first  end  second  launchings.  In  the  suamar  of  1951,  were  failures; 
the  third  launching,  on  21  May  1952,  was  made  with  two  drugged  monkeys  and  two  mice. 
The  monkeys,  Pat  and  Mike,  were  the  first  primates  which  the  American  scientists 
were  able  to  recover  alive  and  unha  need  from  a  flight  to  an  altitude  of  approximately 
60  km.  The  results  of  the  biological  investigations  on  the  V-2  end  "Aerobes"  rockets 
ere  summarised  in  an  artlcla  by  Henry,  Ballinger,  Maher,  and  Simone  which  was 
publlshad  in  1952  [575].  The  authors  noted  the  impdrtant  role  which  was  played 
by  the  application  of  radio-telemetry  methods  for  physiological  Investigations. 
Despite  the  fact  that  more  than  half  of  the  missiles  were  demolished  when  they  fell 
to  the  ground  due  to  a  failure  in  the  parachute  systems,  valuable  scientific 
information  was  obtained  owing  to  the  use  of  radio-telemetry. 

At  approximately  the  same  time,  the  Soviet  Union  conducted  vertical  rocket 
Launchings  with  various  animals  (dogs,  rabbits,  rats).  The  presence  of  a  very 
reliable  landing  system  made  it  possible  to  perform  most  of  the  recordings  with  the 
>.ld  of  automatic  recorders  on  board  the  rocket.  In  certain  cases,  physiological  data 
were  also  transmitted  by  telemetry.  From  1950  through  1957  three  BerleB  of  experi¬ 
ments  were  conducted.  The  first  series  was  devoted  to  a  study  of  the  survival  rate 
of  animals  under  the  conditions  of  a  small  capsule  during  flight  to  an  altitude  of 
up  to  110  km.  In  the  second  series  they  studied  the  feasibility  of  applying  pressure 
suits  and  recovering  animals  by  means  of  ejection  with  subsequent  descent  on  a 
parachute.  Finally,  the  experiments  of  the  third  series  were  distinguished  by  an 
Increase  in  the  altitude  of  ascent  to  212  km,  wherein  one  of  the  two  dogs  was  sent 
on  a  flight  In  a  state  of  narcosis  [53]. 

In  1958,  the  flight  altitude  was  increased  to  450-475  to  owing  to  the 
application  of  ballistic  rockets.  Many  animals  accomplished  several  flights  in 
rockets.  The  dog  Otvazhnaya  made  five  flights. 


In  1959-1960,  ballistic  rockete  were  launched  with  doge  and  rabbits.  Problems 
of  the  Influence  of  weightlessness  on  muscular  tonus  and  motor  coordination  were 
first  investigated  in  them.  The  data  obtained  as  a  result  of  the  described 
experiments  made  it  possible  to  estimate  the  physiological  reactions  of  the  animal 
organism  to  a  weightless  state  lasting  several  minutes  after  the  preceding  action 
of  accelerations,  and  also  the  action  of  accelerations  (launching)  following 
weightlessness  [77,  54,  83,  33,  134,  154]. 

After  a  six-year  break,  the  American  biological  experiments  with  rockete  were 
renewed  in  1958*  Van  der  Hall  and  Young  organised  the  launching  of  three  "Thor-Able" 
rockets  whose  nose  cones  each  contained  a  mouse.  The  flight  altitude  was  over 
20 CO  km  and  the  duration  of  weightlessness  was  approximately  45  minute#.  None  of 
tlu.  capsules  were  found;  however,  as  a  result  of  the  application  of  radioteleoetry 
In  the  second  and  third  rockets,  data  were  obtained  on  the  pulse  rate,  respiratory 
rate,  and  arterial  pressure  of  the  animals. 

On  13  December  1958,  the  United  States  launched  a  "Jupiter"  rocket  whose  nose 
cone  contained  a  capsule  with  a  monkey  called  Oordo  (genus  salmlrl).  The  flight 
altitude  was  470  km,  the  time  was  approximately  15  minutes,  and  the  duration  of 
weightlessness  was  7.8  minutes.  An  important  role  was  also  played  here  by 
telemetering  systems,  by  means  of  which  the  transmission  of  physiological  data  was 
accomplished.  Although  the  container  with  the  animals  also  did  not  return  to  Earth, 
the  experiment  was  not  a  failure  since  valuable  scientific  information  was  obtained. 

The  second  "Jupiter"  flight  with  two  monkeys.  Able  (genus  rhesus)  and  Baker 
(genus  salmlrl),  took  place  on  28  May  1959.  In  this  flight  the  duration  of  the 
period  of  weightlessness  amounted  to  4.2  minutes.  Telemetric  recording  of 
electrocardiograms,  pneumogrsms,  electronyograms,  phonocardiograms,  and  body 
temperature  was  performed,  and  the  behavior  of  the  animals  was  filmed.  The  hygienic 
parameters  of  the  blocapsule  were  recorded;  temperature,  pressure,  and  gas  cosiposltlon 
of  the  air.  The  animals  were  recovered  alive  and  unharmed  from  the  flight  [48l,  449]. 

At  the  end  of  1959  (4  December)  a  .successful  launching  of  a  chimpanzee,  Sam,  to 
an  altitude  of  90  km  was  made.  This  launching  was  carried  out  under  project  "Hermes" 
in  order  to  prepare  for  the  flight  of  astronauts  under  project  "Mercury."  The 
purpose  of  project  "Hemes"  was  to  develop  an  escape  system  for  a  manned  capsule 
[483]. 

An  American  program  of  preparation  for  launching  a  man  into  space,  known  as 
project  "Mercury",  was  initiated  in  October  1956.  The  general  management  of  this 
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program  m  assigned  to  the  National  Aaronautlca  and  Space  Administration  (NASA), 
the  "Mercury”  program  foresaw  the  construction  of  an  Inhabited  capsule  for  a  twenty- 
four-hour  orbital  flight,  first  a  ballistic  flight,  and  then  an  orbital  manned  night 
with  identical  takeoff  and  landing  regimes  [570,  786,  789].  The  mentioned  launching 
of  the  ahlapanaee  Sam  on  a  "Little-Joe"  rocket  in  a  "Mercury"  capsule  was  the  first 
experiment  in  the  American  man-in-space  program.  A  subsequent  analogous  flight  with 
Sam  wae  conduced  on  21  January  i960.  Finally,  the  laat  launching  of  an  animal  in 
a  "Mercury"  capsule  before  a  manned  flight  took  place  on  51  January  1961.  This  wae 
the  chlmpansee  Ham,  who  ascended  to  an  altitude  of  approximately  200  km  in  a 
"Redstone"  rocket;  the  period  of  weight lateness  lasted  for  7.5  minutes  [554,  500, 

451,  512]. 

The  first  suborbital  (ballistic)  manned  flight  wae  carried  out  in  the  USA  on 
5  May  1961,  l.e.,  almost  one  month  after  the  first  Soviet  orbital  space  flight  in 
the  world.  The  Amerlt.  astronaut  A.  Shspard  stayed  in  flight  for  15  minutes; 
weightlessness  lasted  a  little  store  than  five  minutes;  maximum  flight  altitude  was 
187.4  km.  The  splash-down  site  was  the  Atlantic  Ocaan,  486  km  from  the  launch  site 
(Cape  Canaveral,  now  known  as  Cape  Kennedy).  Physiological  data  (electrocardiogram, 
respiration,  and  body  temperature)  were  recorded  by  steans  of  radiotelemetry. 

A  second  American  ballJ-'lc  flight,  similar  to  the  first  [788],  was  made  by  V. 
som  on  21  July 

In  the  project  "Hersee"  flights,  the  first  studies  of  psychomotor  activity  of 
primates  were  made,  whereby  disturbances  in  their  efficiency  during  takeoff  and 
landing  were  discovered,  and  .-tempts  to  record  vectorelectrocardiograms  also  were 
made  [485). 

To  cosq>lete  the  survey  of  physiological  investigations  with  rockets,  we  should 
mention  the  French  experiments.  In  February  1961,  a  "Vlronique"  rocket  was  launched 
with  a  white  rat.  Hector.  By  means  of  chronically  implanted  electrodes,  they  recorded 
brain,  reticular-formation,  and  neck-muscle  potentials,  and  also  pulse  and 
respiration.  The  telemetry  system  functioned  until  the  moment  of  separation  of  the 
first  stage  during  the  descent,  after  which  recording  was  performed  by  a  self- 
contained  on-board  recorder.  At  the  end  of  1965,  a  similar  experiment  was  repeated 
with  a  cat,  Felix  [475,  476). 

Biomedical  experiments  with  rockets  provided  space  biology  with  abundant 
Information  on  the  influence  of  flight  factors  on  an  organism,  and  made  it  possible 


to  develop  methodological  bases  for  subsequent  investigations  with  artificial  earth 
satellites.  The  American  scientists  used  ballistic  rockets  to  prepare  for  manned 
apace  flight.  The  first  American  astronauts  did  not  accomplish  orbital,  but 
auborbital  flights. 

In  Soviet  Union,  on  the  basis  of  improved  rocket  technology,  it  became  possible, 
earlier  than  In  the  United  States,  to  transfer  from  biological  experiment e  with 
rockets  to  experiments  with  artificial  earth  satellites,  and  than  directly  to  the 
realization  of  the  first  orbital  space  flight  In  the  world. 


Phys lological  In 


with  ArtlflcU 


On  ?  November  1957,  the  Soviet  Union  launched  a  pressurised  capsule  with  a  dog, 
T oyks,  into  the  orbit  of  an  artificial  earth  satellite.  This  experiment  waa  a 
natural  continuation  of  the  investigations  that  were  conducted  by  Soviet  scientists 
with  rockets.  When  setting  up  the  biomedical  experiment  with  the  artificial  earth 
satellite.  It  wee  necessary  to  solve  a  number  of  complicated  problems  on  the 
construction  of  automatic  life-support  equipment  for  an  animal  wtiloh  would  function 
for  a  sufficient  period  of  time  (air-conditioning,  heat-control,  feeding  systems, 
and  others).  It  was  also  necessary  to  design  scientific  equipment  for  transmitting 
the  results  of  physiological  observations  to  Earth.  Figure  1  shows  a  picture  of  the 
dog  tayka,  th;  first  living  being  to  orbit  around  the  globe. 

The  following  physiological  parameters  were  recorded  during  the  flighti 


electrocardiogram,  pneumogram,  arterial  pressure  In  the  carotid,  and  actogrem.  The 


physiological  equipment  was  automatically 
controlled  from  a  programmed  device  [263] . 

As  a  result  of  the  first  flight  experiment 
in  the  Earth’s  orbit,  space  biology  obtained 
a  number  of  important  facts,  some  of  which 
confirmed  the  previous  observations  and  others 
brought  out  new  questions.  This  flight 
demonstrated  the  possibility  of  the  survival 
of  a  highly  organised  living  being  during  entry 


Fig.  1.  Leyka  -  the  first  living  into  the  orbit  of  an  artificial  earth  satellite 
being  to  orbit  around  the  Earth.  ' 

and  in  orbital  flight.  It  also  demonstrated 


the  important  role  of  biotelemetry  inasmuch  as. 
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despite  the  ftot  that  the  satellite  could  not  be  returned  to  Earth,  valuable 
Information  Mae  obtained  on  the  influence  of  flight  f actor ■  on  physiological  functions. 
Bower* r,  the  question  concerning  the  reaction*  of  a  living  organism  to  the  accelera¬ 
tions  which  appear  during  descent  remained  unclarified.  Similar  investigations  were 
pQaaible  only  with  recoverable  artificial  earth  satellites. 

On  19-20  August  i960,  the  USSR  conducted  the  first  flight  experiment  in  the 
world  with  on*  return  of  animals  fro®  space  to  Earth.  The  possibility  of  comparison 
of  the  pre-  and  poet-flight  data  with  the  rekultc  of  in-flight  physiological  was  a 
serious  scientific  achievement  which  was  related  to  the  use  of  radiotelemetry.  The 
large  range  of  physiological  T>'  hods  that  were  employed  for  studying  the  dogB  Belks 
and  Strelka  provided  the  basis  .for  calling  the  second  Soviet  satellite  ship  a 
"flying  laboratory." 

This  first  successful  experience  of  setting  up  extensive  physiological 
Investigations  in  space  was  on*  of  the  important  stages  in  ths  dsvelopment  and 
formation  of  space  medicine  and  biology. 

In  December  i960  there  took  place  a  new  flight  experiment  —  the  flight  of  the 
♦hird  Soviet  satellite  ship  with  the  dogs  Fchelka  and  Mushka  on  board.  The  ship 
entered  an  uncalculated  orbit  and  ceased  its  existence  during  re-entry;  however, 
owing  to  the  application  of  telemetering  systems,  valuable  scientific  information 
collected.  Thus,  from  the  biologist's  point  of  view,  this  flight  was  quite 
cessful  since  it  deepened  the  knowledge  on  the  physiological  state  of  animals 
< nder  conditions  of  multihour  axistance  in  weightlessness. 

In  1961,  which  was  the  first  year  of  the  space  ege,  the  fourth  and  fifth 
spaceships  were  launched  with  the  dogs  Chemushka  and  Zveidochka  on  board.  These 
flights  preceded  the  triumphant  flight  of  Yu.  A.  Qagerln  which  took  place  on  12 
April  1961,  A  new  system  of  physiological  meaeursmants  was  tested  which  was  specially 
developed  for  reliable  medical  monitoring  of  the  etat*  of  the  basic  vital  functions 
of  an  astronaut  [19?].  The  first  manned  space  flight,  as  we  know,  opened  a  new  page 
in  the  development  of  space  biology  and  medicine.  It  was  also  the  first  check-out 
of  a  medical-monitoring  system  in  a  space  flight. 

The  first  manned  space  flight  was  an  outstanding  achievement  of  Soviet  and 
world  science.  This  flight  opened  the  road  to  the  further  conquest  of  outer  space 
and  to  new  manned  space  flights  (Pig.  2) . 

On  6  August  1961,  the  USSR  launched  the  "Voetok-2"  with  pilot -astronaut  G.  S. 

Titov  on  board.  During  this  twenty-four-hour  space  flight,  dynamic  medical 


-20- 


GRAPHIC  NOT 


monitoring  of  pulse  and  respiration  was  conducted,  for  which  electrocardiogram*  and 
pneumograms  were  transmitted  through  telemetaring  channel#.  In  addition,  the 
mechanical  work  of  the  heart  ( klnetocardlography )  was  investigated.  For  operational 
medical  monitoring  sound  signals  corresponding  to  pulae  rates  were  continuously  sant 
through  a  "Signal"  shortwave  radio  transmittsr. 

On  11-13  August  1962,  the  USSR  conducted  the  first  multi-day  group  spacs  flight 
of  the  astronauts  A.  G.  Nikolayev  and  P.  R.  Popovich  in  tha  "Vostok-J"  and  "Vostok-4." 
This  flight  was  a  new  and  important  achievement  in  space  technology  and  spaca 
biology.  A  large  program  of  physiological  measurements  was  carried  out  during  the 
flight,  which  included,  in  addition  to  recording  electrocardlognuu  and  respiration, 
tin.  recording  of  biopotentials  of  the  brain,  eye  movements,  and  galvanic  skin 
otions.  Experience  was  gained  in  medical  monitoring  during  tha  performance  of 
a  multi-day  group  space  flight,  and  also  in  solving  a  number  of  research  problems  in 
the  performance  of  a  manned  space  flight. 

On  14-19  June  1963,  there  took  place  a  group  flight  by  the  astronauts  V.  F. 
bykovskiy  and  V.  V.  Tereshkova  in  the  "Vostok-5"  and  "Voatok-6."  The  program  of 
physiological  measurements  this  time  was  expanded  by  means  of  the  application  of 
seismocardiography,  i.e.,  a  method  of  studying  the  contraction  function  of  tha 
myocardium.  Of  importance  was  the  experience  received  in  setting  up  physiological 
Investigations  for  the  flight  of  a  woman. 

12  October  19^4  will  be  entered  in  the  history  of  astronautics  as  the 
beginning  of  a  new  age  in  the  manned  conquest  of  spaca.  On  this  day  the  Soviet 

Union  launched  a  three-man  spaceship,  the 
"Voskhod,"  into  a  satellite  orbit.  In 
addition  to  the  pilot = astronaut,  a  scientist 
and  a  physician  went  on  flight  for  the  first 
time.  This  was  the  first  space  expedition 
in  history,  a  prototype  of  the  scientific 
expeditions  which  will  be  made  to  the  Moon 
and  the  planets,  and  for  working  in  manned 
stations  in  space.  The  inclusion  of  a 
physician  in  the  crew  was  very  noteworthy. 

A  young  colleague  of  one  of  the  scientific- 
research  institutes  became  the  first  space 
physician.  In  this  flight  the  duties  of  the 


Fig.  2.  ku,  A.  Gagarin  -  the  first 
astronaut  in  the  world. 
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•hip's  physician  included  not  only  problems  of  prophylaxis ,  but  the  rendering  of 
medloal  eld  if  necessary.  The  physician  participated  in  the  solution  of  many 
scientific  p rob leas.  He  controlled  the  research  equipment  and  conducted  a  number 
of  measurements  himself  with  the  aid  of  the  on-board  instruments.  During  the  flight 
of  the  "Voskhod"  many  new  physiological  methods  of  collecting  biomedical  information 
were  tested.  Methods  of  dynaaography  and  recording  of  written- language  signals  for 
studying  the  efficiency  and  state  of  precision  motor  coordination  were  employed  for 
the  first  tla*.  The  first  experiment  in  the  programing  of  medical  investigations 
was  carried  out.  The  flight  had  an  Important  methodological  value  since  it  made  it 
possible  to  check  out  a  number  of  theories  concerning  the  organisation  of  collective 
work  of  a  crew  in  a  spaceship. 

Table  1  gives  the  basic  data  on  Soviet  biomedical  orbital  experiments 
beginning  with  the  flight  of  Layka. 

The  first  atteapt  at  an  orbital  flight  of  a  space  capsule  with  biological 
specimens  was  made  by  the  Americans  in  June  1959*  They  prepared  for  the  flight  of 
four  black  mice  on  a  "Discoverer",  but  the  "Atlas"  rocket  did  not  send  the  satellite 
into  orbit  [328], 

On  12  September  and  7  December  I960,  the  satellites  "Discoverer -17"  and 
"Discoverer-l8"  were  launched  with  capsules  containing  bacteria  spores,  cell  and 
'saue  cultures,  plants,  and  others.  In  both  caseB  the  capsules  were  recovered  in 
e  air  as  they  entered  the  31st  and  48th  revolutions,  respectively. 

In  1960-1963,  American  scientists  worked  on  the  fulfillment  of  project  "Mercury," 
the  purpose  of  which  consisted  in  carrying  out  a  twenty-four-hour  manned  space  flight. 

As  already  pointed  out,  the  first  stage  of  project  "Mercury"  involved  the 
performance  of  a  suborbital  flight.  After  the  flights  of  A.  Shepard  and  V.  Grissom, 
the  American  scientists  began  to  prepare  for  an  orbital  flight.  On  29  November  1961, 
an  "Atlas"  rocket  launched  a  "Mercury"  capsule  into  orbit  with  a  female  chimpanzee, 
Enos. 

The  first  American  manned  orbital  flight  took  place  on  SO  February  1962. 

Astronaut  John  Qlenn  made  three  revolutions  around  the  Earth  and  landed  safely  in 
the  Atlantic  Ocean.  The  duration  of  flight  amounted  to  4  hours  and  20  minutes. 
In-flight  recordings  were  made  of  electrocardiograms,  respiration,  body  temperature, 
and  arterial  pressure.  Because  of  the  equatorial  orbit,  the  spaceship  passed  over 
the  same  telemetric  receiving  stations  in  each  revolution.  This  ensured  the 
possibility  of  practically  constant  monitoring  of  the  astronaut's  state  [789], 
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During  1962-1963,  four  orbital  space  flights  were  conducted  under  project  "Mercury" 
(Table  2).  The  last  one  continued  for  32  hours  [790]. 

The  biomedical  experiments  with  artificial  earth  satellites  and  the  flights  of 
the  Soviet  and  American  astronauts  made  it  possible  to  collect  extensive 
Information  for  playing  the  scientific  foundation  of  space  biology  and  medicine  and 
apace  physiology.  An.  extremely  Important  role  In  obtaining  the  necessary 
Information  was  played  by  the  system  of  objective  recording  of  physiological  data 
and  the  methods  of  biological  telemetry.  It  would  not  be  an  exaggeration  to  Bay 
that  the  achievements  of  space  technology  could  bs  used  for  manned  space  flight  only 
owing  to  the  development  of  methods  which  provide  reliable  monitoring  of  the 
astronauts  state  under  space-flight  conditions. 

Each  science  is  characterized  by  its  own  specific  methods  and  a  unique 
methodology.  The  brief  historical  survey  given  above  shows  that  the  methodological 
basis  of  space  biology  and  medicine  is  made  up  by  flight  experimentation  and  its 
methodB  involve  the  measurement  of  various  quantities  at  a  distance  under  complex 
and  unique  conditions  that  are  quite  different  than  on  the  ground. 

The  realization  of  physiological  investigations  in  the  field  of  aBtronautlCB 
can  be  divided  into  three  stages  [6]  (Fig.  3):  a  theoretical  study  of  the  problem; 
laboratory  investigations  on  the  ground;  flight  experimentation. 


Fig.  3.  Stages  of  biomedical  investigations  in  space. 


The  results  of  flight  experiments,  in  turn,  play  an  extremely  important  role 
for  correcting  the  old  and  developing  new  theoretical  concepts  [64].  New 
Hypotheses  and  theories  lead  to  the  organization  of  new  laboratory  investigations 
and  then  to  flight  experiments.  The  "feedback"  between  the  flight  experiments  on 
the  one  hand,  and  the  laboratory  investigations  and  theories  on  the  other  hand. 
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provides  a  dialectic  cause-and-effect  unity  of  extensive  and  diversified 


investigations  which  characterizes  modern  space  biology  and  medicine.  One  of  the 
instruments  for  providing  this  feedback  are  the  physiological  methods.  They 
methodologically  unite  all  stages  of  space  investigations  into  &  single  process 
which  is  governed  by  a  specific  idea,  i.e.,  directed  towards  the  obtainment  of  new 
information  which  is  necessary  for  the  further  development  of  science. 

The  leading  role  of  method  and  methodology  which  is  emphasized  in  this  survey 
indicates  the  necessity  and  expediency  of  documenting  the  data  collected  in  this 
area  to  the  present  time.  The  absence  of  similar  documentation  in  world  literature 
and  the  rapid  rate  of  development  of  astronautics  make  this  task  extremely  important 
a;' a  timely. 


Table  2.  St 

ages  of 

the  American  1 

Mercury"  Program 

Conditional 

Date, 

Who  was  in 

Type  of 

Orbital 

Physiological 

designation 

years 

the  capsule 

flight 

km 

tpogee 

v«l>  B| 

Perigee 

research  methodB 

MR-2 

31.1 

1961 

Chimpanzee, 

Ham 

Ballistic 

203.8 

- 

EKG,  pneumography, 
measurement  of  body 
temperature 

MR-3 

3.v 

1961 

Astronaut  A. 
Shepard 

The  same 

187.1 

— 

The  same 

MR-4 

21, VII 
1961 

Astronaut  V. 
Grissom 

The  same 

190.8 

” 

The  same 

MA-5 

29.II 

1961 

Chimpanzee, 

Enos 

Orbital 
(two  revo¬ 
lutions) 

237.2 

159.3 

The  same 

MA-6 

20.11 

1962 

Astronaut  J. 
Glenn 

Orbital 

(three 

revolutions) 

261.2 

161 

EKG,  pneumography, 
arterial  oscillograph: 
measurement  of  body 
temperature 

MA-7 

26. VII 
1962 

Astronaut  S. 
Carpenter 

The  same 

266.7 

160.9 

The  same 

ma-8 

9.  XII 
1962 

Astronaut  W. 
Schirra 

Orbital 
(nine  rev¬ 
olutions) 

273.1 

161 

The  same 

M/l -9 

15.V 

1963 

Astronaut  G. 
Cooper 

Orbital 
(22  revolu¬ 
tions) 

267.I 

161.6 

The  same 

Note*  MR  —  "Mercury"  capsule,  "Redstone"  launch  vehicle;  MA 
"Atlas"  launch  vehicle. 

—  "Mercury"  capsule. 

part  i 

PHYSIOLOGICAL  MEASUREMENT  AMD  INFORMATION  SYSTEMS 


CHAPTER  2 

TRANSMISSION  OF  PHYSIOLOGICAL  INFORMATION  FROM  SPACECRAFT  TO  EARTH 

One  of  the  essential  peculiarities  of  space  physiology  consists  in  the  fact 
that  for  collecting  the  necessary  scientific  information  it  is  forced  to  use  long¬ 
distance  methods  of  measurement.  The  new  scientific  field  (biological  telemetry) 
that  emerged  in  the  last  decade  takes  on  even  greater  significance  in  astronautics 
each  year.  In  turn,  astronautics  to  a  considerable  extent  asBlstB  the  great  progress 
being  made  in  the  field  of  biotelemetry.  In  astronautics  it  became  necessary  for 
the  first  time  for  physiologists  to  contend  with  the  necessity  of  Btrict  coordination 
of  the  volume  of  transmitted  Information  with  the  carrying  capacity  of  the  telemetering 

links,  This  conditioned  the  application  of  "information  theory"  to  the  consideration 

# 

of  signals  of  biological  origin.  Finally,  the  presence  of  the  large  number  of 
objects  taking  part  in  the  measurement  process  (source  of  information,  on-board 
equipment,  teleraetric  devices,  physician  —  recipient  of  information,  and  others) 
conditioned  the  application  of  the  concept  of  a  "measurement  and  information  system" 
in  space  physiology  [287].  The  great  value  of  this  concept  will  be  demonstrated 
later.  This  chapter  combines  the  problems  of  biotelemetry,  information  theory,  and 
measurement  systems,  which  have  a  direct  relation  to  questions  of  the  transmission 
of  physiological  information  from  a  space  craft  to  the  ground. 

Biotelemetry 

Biological  telemetry  is  the  long-distance  measurement  of  biological  data.  In  a 
broad  sense,  the  sphere  of  blotelemetrlc  measurements  takes  in  the  investigations  of 
various  types  of  biological  specimens  as  well  as  the  recording  of  data  on  the 
conditions  to  which  these  specimens  are  subjected. 
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There  wire  telemetry  and  radiotelemetry.  Wire  telemetry  began  with  Elnthoven's 
experiments  in  1906  on  the  transmission  of  an  electrocardiogram  from  a  clinic  to  a 
laboratory  to  distances  of  up  to  1,5  km  [414],  and  also  with  the  telephonic 
stethoscope  designed  by  Brown  in  1910,  which  provided  for  the  transmission  of  pulse 
signals  to  a  distance  of  approximately  150  km  [360].  However,  space  physiology  has 
employed  mainly  tslametering  methods,  i.e.,  methods  based  on  the  transmission  of 
physiological  data  by  radio.  In  the  following  discussion  we  will  consider  namely 
this  method  of  biological  telemetry.  The  transmission  of  physiological  information 
by  radio  was  accomplished  for  the  first  time  by  Soviet  researchers  A.  A.  Yushchenko 
and  L.  A.  Chernavkln  in  1932  [285].  They  recorded  signals  from  a  contact  transducer 
which  had  been  adapted  to  measure  salivation  through  the  flBtula  in  a  freely  moving 
dog.  The  same  contact  transducer  was  used  by  these  authors  for  recording  working 
movements  in  studies  on  the  psychophysiology  of  work  [286],  In  1938  K.  Zemlyakov, 

D.  Ivanov,  and  T.  Fedorov  transmitted  heart  tones  through  wires  from  a  person 
located  in  a  pressure  chamber,  and  made  attempts  to  record  phonocardiograms  by  radio 
[119] •  The  use  of  radio  electronics  and,  in  particular,  radiotelemetry  in  biology 
obtained  especially  extensive  propagation  after  World  War  II.  Experiments  on  the 
long-distance  transmission  of  physiological  data  were  renewed.  In  1948,  Fuller  and 
Gordon  recorded  the  aphygoaogram  and  respiration  of  a  freely  moving  animal  by  radio 
Istances  of  up  to  30  m  [438,  446],  In  1947-1953,  the  solution  of  questions  of 
10  radio  transmission  of  biopotentials  of  the  human  heart  and  brain  was  studied  by 
Hotter  [446,  455,  529]  and  Parker  [446,  351,  651]. 

In  1948,  0.  J.  Boxer  and  his  colleagues  created  the  first  telemetering  device 
for  long-distance  investigation  of  the  latent  period  of  motor  response  under 
conditions  of  wireless  communications  and  a  changing  distance  between  the 
experimenter  and  the  subject  of  investigation  [51]. 

In  1952  there  began  to  appear  publications  about  the  application  of  biotelemetry 
in  aviation  and  space  medicine.  According  to  Smith  [722],  the  first  experiment  with 
the  telemetric  transmission  of  an  electrocardiogram  from  an  aircraft  was  carried  out 
in  1952  in  Switzerland.  In  the  United  States,  the  first  physiological  recordings  by 
means  of  radio  from  an  aircraft  were  made  in  1953  under  project  "RAM".  The 
following  parameters  were  transmitted  to  the  ground;  electrocardiogram,  electro¬ 
encephalogram,  respiration,  and  body  temperature  [722],  Subsequently  there  were 
special  investigations  devoted  to  biological  measurements  in  an  aircraft  [227,  324, 
464’.  Many  of  the  publications  pertain  to  the  transmission  of  physiological  data 
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from  X-15  aircraft  [465,  687,  688], 

In  1952  the  works  of  Hsnry  and  his  co-author a  wero  published  on  telemetric 
recording  of  physiological  functions  during  flight a  of  V-2  and  "Aerofoee"  mlssllea 
1976].  However,  the  first  radio  transmission  of  data  on  biological  specimens  from  a 
rochet  was  conducted  In  1946  [500]. 

*  In  the  following  years  biological  telemetry  began  to  be  applied  In  the  most 
diverse  areas  of  biology  and  medicine  [471,  194,  205],  Biotelemetric  Investigations 
in  athletic  medicine  and  the  physiology  of  work  have  been  conducted  since  1955  in 
Sverdlovsk  under  the  direction  of  V.  V.  Rosenblat  [216].  Long-distance  recording 
of  various  data  in  the  physiology  of  agricultural  animals  has  been  conducted  since 
19.6  by  B.  V.  Panin  [188],  In  1957  there  appeared  the  first  publications  about  the 
application  of  telemetering  methods  for  studying  pressure,  temperature,  and  acidity 
in  the  stomach  and  Intestines  [425,  615],  and  material  were  also  published  in  the 
same  year  on  the  radio-recording  of  cellular  potentials  from  the  cortex  of  a  non- 
anesthetized  animal  [465,  464],  5  November  1957  should  be  noted  as  the  birthday  of 
space  biotelemetry,  when  the  transmission  of  physiological  and  hygienic  data  from  an 
artificial  earth  satellite  was  performed  for  the  firBt  time. 

In  1958,  Webb  and  his  co-workers  recorded  the  electrocardiogram  of  a  freely 
moving  animal  for  the  first  time  [768].  This  was  followed  by  work  on  the  use  of 
biotelemetric  methods  in  a  cardiological  clinic  [296],  in  pediatrics  [279],  in 
hygienic  investigations  [97,  98,  386],  and  other  areas  [120]. 

The  First  Symposium  on  the  Application  of  Biotelemetry  in  Medicine  and 
Physiology  took  place  at  Sverdlovsk  in  1959  [215,  292].  In  December  1963  the  Second 
Symposium  on  Biological  Telemetry  was  also  held  there.  The  achievements  of  Soviet 
science  in  the  field  of  space  biotelemetry  were  specially  noted  at  that  time  [12, 

192].  In  1963  the  United  States  held  a  conference  on  questions  of  the  application 
of  biotelemetry  in  animal  physiology  and  ecological  research  [531,  543], 

At  the  present  It  is  possible  to  speak  of  biological  telemetry  as  fully 
developed  scientific  discipline.  In  spite  of  its  nominally  great  age,  biotelemetry 
can  be  rightfully  called  a  new  scientific  field  since  only  in  the  last  5-10  years. 

In  view  of  the  rapid  development  of  radio  electronics,  the  appearance  of  semiconductor 
devices,  methods  of  microminiaturization  of  equipment,  and  new  radiooaterials,  did 
the  creation  of  various  types  of  equipment  for  long-distance  recording  of  biological 
data  become  possible  [104,  386,  242,  279,  325,  310,  323,  406,  446,  530,  549].  An 
important  role  in  the  development  and  formation  of  biotelemetry  was  played  by 
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astronautics.  Blotalametry  la  gradually  becoming  an  Important  research  method  with 
extraordinarily  broad  proapecta  of  application  In  the  moot  diverae  areas  or  medicine 
and  biology. 

Per  remote  measurement  of  various  indicators,  a  complex  of  facilities  called  a 
biotelemetrlc  system  la  used.  The  general  foam  of  such  a  system  can  be  represented 
in  the  fom  of  a  blook  diagram  composed  of  the  following  elemental  transducers  and 

amplifiers,  coders  (coomutatora  and  modulators), 
shaping  and  memory  units,  a  transmitter,  a 
receiver,  decoders  (converters,  commutators),  and 
recorders  [543,  744],  As  compared  to  the  devices 
utilised  for  recording  physiological  functions 
under  laboratory  conditions,  the  complexity  of 
blotelemetrle  systems  is  evidant  (Pig.  4) . 

Tha  attwpt  to  construct  a  scientific 
classification  of  biological  telemetry  systems  is 
contained  in  many  works.  Holter  [531]  propose  to 
classify  biotelemetrlc  systems  by  the  principle  of 
recording  time,  activity  of  the  subject  under 
investigation,  and  tha  urgency  of  obtaining  the 
data. 

He  distinguishes  the  following  characteristics 
of  biotelemetry  Bystems i 
A1  -  brief  recording! 

Ag  —  prolonged  recording; 

—  recording  conducted  during  active  behavior  of  subject  under  investigation; 

Bg  —  recording  conducted  from  a  motionless  subject; 

—  recording  with  rapid  data  analysis; 

Cg  —  recording  with  data  storaga  for  subsequent  analysis. 

As  a  result  of  various  combinations  of  tha  indicatsd  crltaria,  eight  variations 
of  biotelemetrlc  systems  can  be  obtained.  For  instance,  system  AgB^C^  provides 
prolonged  recording  with  rapid  data  analysis  frem  a  moving  subject. 

Johnston  [548]  proposes  three  types  of  biotelemetrlc  systems:  1)  for 
investigations  of  pilots  and  astronauts,  2)  for  clinical  Investigations,  and  3)  for 
experiment s  with  animals. 
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Pig.,  4.  Block  diagram  of  a 
laboratory  facility  (a)  and 
the  trloteiemetrlo  system  of 
a  ap&fuscraft  (b) . 

£)  transducers;  '/)  amplifiers; 
KY }  recorders;  K)  commutators; 

teleettrlc  signal  shaping 
unit;  3T)  memory  unit;  IIPfl) 

\nsmltter;  Ilpy )  receiver; 

;i )  converter;  E-P)  recorder 
block. 


One  of  Mis  most  detailed  classifications  w>u-  proposed  by  V.  V.  Rozenblat  [216]. 

He  distinguishes  five  forms  of  biotelc-metry j  on-board,  dynamic,  relay,  stationery, 
and  endoradiosonde  methods.  This  classiflcati on  is  based  primarily  on  the 
consideration  of  only  the  bloteleruetry  methods  which  have  practically  obtained 
application.  An  on-board  system  la  a  biotelemetric  system  which  is  characterized 
by  the  fact  that  the  investigated  subject  and  the  tranamitter  are  both  on  board  a 
specific  object  (aircraft,  spaceship,  and  also  a  motor  vehicle  or  boat)  which  is 
traveling  with  respect  to  the  researcher  and  the  receiver.  Dynamic  biotelemetry  is 
characterized  by  the  Investigation  of  a  freely  moving  subject,  such  as  an  athlete, 
who  carries  a  transmitter  and  goes  about  his  usual  activity.  The  combination  of 
on -board  and  dynamic  blotelemetric  systems,  one  of  the  variations  of  which  may  be 
considered  to  be  intracabin  telemetry  on  a  spaceship  (for  details,  see  Chapter  4), 
was  called  relay  telemetry  by  V.  V.  Rozenblat.  The  endoradiosonde  method  is 
characterized  by  the  Introduction  of  miniature  radio  transmitters  into  body  cavities. 
Stationary  biotelemetry,  according  to  V.  V.  Rozenblat,  is  the  radio  transmission  of 
physiological  data  from  one  ground  point  to  another  with  the  transmitter  and 
receiver  motionless  relative  to  one  other. 

In  1963,  V.  V.  Parin  and  R.  M,  Bayevskiy  [198]  proposed  a  classification  of 
biotelemetric  systems  founded  on  the  consideration  of  the  following  characteristics: 
location  of  elements  of  the  blotelemetric  system  with  respect  to  the  subject  under 
investigationj  circuits  and  design  features;  purposes  and  areas  of  application  of 
the  blotelemetric  system. 

This  classification  was  substantiated  in  detail  in  a  special  work  in  1964  [192], 
and  then  composed  the  foundation  of  the  official  classification  that  was  worked  out 
by  the  commission  of  the  Second  All-Union  Symposium  on  the  Application  of 
Radiotelemetry  in  Medicine  and  Physiology  (V.  V.  Rozenblat  took  part  in  this  work), 
which  will  be  mentioned  later. 

Classification  of  Blotelemetric  Systems 

I.  According  to  the  interrelation  of  the  subject  under  Investigation,  the 
tranamitter,  and  the  receiver: 

1)  the  relative  position  of  the  subject  under  investigation  and  the  transmitter: 

a)  transmitter  located  a  short  distance  from  the  subject; 

b)  transmitter  directly  on  subject; 

c)  transmitter  inside  subject; 
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2)  interrelation  of  transmitter  end  reaelrer:  0  -  transmitter  end  receiver 
mutually  stationery;  1  -  transmitter  or  receiver  moving. 

Hotel  Temporary  designation*  of  sqsm  of  the  most  wide-spread  systems  at  the 
present  timsi  ^’stationary"  -  A0|  "on-board"  (portable)  -  Alt  "relay" 

-  BO  or  VO |  "dynamic 11  —  BJ  (BJ);  "endoradlosondes"  -  Bl  (Bl)  (capsules 
and  pills). 

II.  Aoaordina  to  area  of  application. 

The  investigated  systems  of  the  organism  (radiopulse  bac  Kg  round,  radio- 
enoephalagraph) ]  the  branch  of  biology  and  medicine  (sports  bioteleaetry.  space 
blotelenatry) . 

III.  According  to  technical  criteria. 

Method  of  information  transmission  (radio,  wire  coenunlcatlons.  light);  method 
of  supplying  power  to  transmitter  (self-contained,  inductive);  method  of  transmitter 
control  (manual  automatic);  modulation  method;  number  of  channels,  and  so  forth. 

Space  biotelemetry  is  presently  based  mainly  on  the  use  of  systems  of  type  Al; 
however,  in  future  it  will  also  employ  other  types  of  systems  (see  below).  The 
characteristic  features  of  space  biotelemetryi 

transmission  of  information  over  very  long  distances;  discrete  nature  of 
transmission,  which  depends  on  the  orbital  parameters  and  geographic  location  of 
the  receiving  stations;  limitation  of  carrying  capacity  of  channels;  use  of  on-board 
memory  units  for  information  storage;  simultaneous  transmission  of  a  large  number  of 
measured  parameters;  one  necessity  of  collecting  information  under  conditions  of 
normal  activity  of  astronaut;  the  necessity  of  operational  analysis  of  part  of  the 
transmitted  information  for  purposes  of  medical  monitoring  of  astronaut. 

The  features  of  biotelemetric  systems  in  astronautics  conditioned  the 
appearance  of  a  considerable  number  of  special  investigations  [12,  27,  32,  192,  433, 
533,  553].  The  serious  value  of  bioteleaetry  in  space  physiology  is  noted  in  a 
number  of  special  survey  works  and  monographs  [78,  741,  788].  The  value  of  telemetry 
in  astronautics  is  indicated  by  the  publication  of  a  special  handbook  on  Bpace 
telemetry  by  the  U.  S.  in  1983  [804], 

In  a  report  devoted  to  the  first  manned  apace  flight.  Academician  A,  A. 
Blagonravov  (491  pointed  out  that  space  blotelWMtry  played  an  extremely  important 
role  in  providing  for  medical  monitoring  of  the  astronaut's  condition,  and  noted 
the  Importance  of  the  further  development  of  work  in  this  field. 
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Transmission  of  Physiological  Data  from  the  Standpoint 
of  Inf 01  mat Ion  Theory  ~ 

Inasmuch  as  weight  and  power  eonsumpt. Ion  of  telemetering  equipment  on  board  a 
spaceship  are  severely  limited,  the  transmitter  power  ahd  frequency  band,  and 
consequently,  the  amount  of  information  transmitted  to  the  ground,  must  be 
coordinated  with  duration  and  range  of  flight.  Astronautics  is  probably  the  first 
field  in  physiologists  had  to  contend  with  the  neceaalty  of  such  a  rigid  limit  with 
respect  to  the  characteristics  of  information,  and  this  in  turn  demanded  the 
performance  of  special  calculations  and  investigations. 


Pig.  5.  C.  Shannon's  communication  channel  (1948). 

[K  -  channel]. 

First  of  all  we  shall  consider  some  general  concepts  concerning  communication 
channels  [52,  710]  which  make  up  the  basis  of  telemetering  systems.  Figure  5  shows 
a  block  diagram  of  a  generalized  communication  channel  designed  by  C.  Shannon.  The 
communication  channel  can  be  represented  in  the  form  of  five  elements. 

1.  The  information  source.  In  space  biotelemetry  this  is  the  subject  of 
measurement t  human,  animal,  or  controlled  medium. 

2.  Transmitter.  This  element  should  be  considered  as  the  total  of  all  on¬ 
board  facilities,  including  the  information  collection  system,  the  amplifying 
equipment,  and  the  telemetering  system,  which  provides  for  the  creation  of  a  signal 
that  can  be  transmitted  through  the  communication  channel, 

3.  The  channel  is  the  medium  which  is  utilized  for  transmitting  a  signal  from 
the  transmitter  to  the  receiver.  The  channel  is  usually  characterized  by  the  power, 
frequency  band,  and  amount  of  noise)  therefore,  the  noise  source  is  considered 
together  with  the  channel. 

4.  Receiver.  This  unit  takes  in  the  entire  complex  of  facilities  for 
reception,  amplification,  and  conversion  of  signals  into  a  form  that  is  suitable 
for  interpretation  by  medical  personnel. 
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5.  The  information  recipient,  i.e.,  the  ground  medical  staff. 

fnua,  the  coauhiaatluii  chan.  *1,  as  part  sf  the  esssuRie&tions  system.  serves 
for  ttoo  transmission  of  messages  from  the  information  source  to  the  recipient.  In 
•pace  blotelessetry  the  messages  are  basically  considered  to  be  physiological 
Information.  Any  message  Is  a  complete  group  of  algnals  which  characterise  the 
various  possible  states  of  the  information  source.  Here  we  come  Into  contact  with 
the  difficult  problem  of  Interpretation  In  terms  of  the  general  communication 
thaory  of  physiologic  information,  l.a.,  tha  parameters,  indicators,,  end  curves 
which  ws  repeatedly  record  In  laboratories. 

The  concept  of  information  in  physiology  bears  s  clearly  expressed  semantic 
character.  Tha  physlologlet  and  clinical  physician  are  first  of  all  interested  in 
the  content  of  the  report  they  have  obtalnad,  regardless  of  the  method  of  its 
expression,  for  instance,  information  on  the  presence  of  tachycardia  in  a  patient 
can  be  obtained  by  counting  the  number  of  heart  contractions  when  taking  his  pulae, 
by  auscultation,  by  an  electrocardiogram,  and  by  a  phonocardiogram.  The  value  of 
the  information  dapands  on  the  previous  amount  of  knowledge  about  the  information 
source.  Thus,  the  manifestation  of  tachycardia  in  a  patlant  with  decompensated 
heart  failure  will  not  be  unexpected  by  the  physician,  conversely,  tachycardia 
in  a  healthy  person  will  force  the  physician  to  be  on  the  alert  and  make  additional 
investigations.  This  means  that  in  the  second  case  the  information  was  more 
valuable  to  the  phyalclan,  or,  as  it  Is  usually  expressed,  he  obtained  more 
information.  Questions  of  the  study  of  the  content  or  value  of  Information  make  up 
a  special  division  of  information  theory.  In  the  investigation  of  problems  of  data 
transmission,  the  main  objective  is  not  the  content  of  the  message,  but  the  number 
and  character  of  the  signals  which  must  be  transmitted,  and  tha  duration  of  tha 
transmission.  Each  message  is  considered  as  one  of  the  poaelble  ones  which 
generally  can  originate  from  the  given  source  of  information.  For  a  quantitative 
appraisal  of  Information,  it  is  necessary  to  know  the  total  number  of  poBeible 
signals  at  the  channel  input  and  the  probability  of  appaarance  of  each  of  them.  The 
concept  of  amount  of  information  Is  the  comer  stone  of  the  information  theory.  The 
analysis  of  Information  concepts  is  a  complicated  philosophical  problem.  Information 
is  essentially  one  of  the  properties  of  matter.  Information  theory  Is  concerned 
with  the  quantitative  description  of  thle  property  of  matter  [2*15]. 

The  first  person  to  point  out  the  possibility  of  quantitative  analysis  of 
information  was  R.  Hartley  [506].  The  emergence  of  information  theory  as  &  science 
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Is  credited  to  the  American  mathematician  Claude  Shannon  [710],  who  In  194(3  published 
his  work  "The  Mathematical  Theory  or  Communication",  which  today  still  remains  a 
classic  work  on  Information  theory. 

One  of  the  central  positions  In  this  infoinitlon  theory  1b  occupied  by  Shannon's 
formula  for  determining  the  amount  of  information  (H)t 

^  ■  “it  J  ft  •  Iota  ft 

This  formula  Indicates  that  the  amount  of  infatuation  la  equal  to  the  product 
of  the  number  of  signals  n  times  the  sum  of  the  products  of  the  probability  of  each 
of  them  multiplied  by  the  probability  logarithm.  The  minus  sign  is  specified  by  the 
relationship  of  the  concept, a  of  information  and  entropy.  Aa  it  la  known,  entropy  — 
oiio  of  the  concepts  of  atatietical  mechanics  -  1b  a  measure  of  the  disorder  of  a 
system,  a  measure  of  chaos. 

The  concept  of  information  is  the  reverse  of  the  concept  of  entropy  since  it 
signifies  a  measure  of  organisation,  of  order.  Shannon's  formula  emphasises  the 
probability  character  of  Information.  Indeed,  In  the  process  of  obtaining 
Information,  the  observer  (researcher)  In  the  beginning  doeB  not  know  the  state  of 
the  object  under  observation,  and  then,  by  observing  the  obtained  signals,  receives 
an  answer  to  the  question  of  the  state  of  the  object.  Thus,  physicians  at  a 
telemetry  receiving  point  have  a  feeling  of  uncertainty  in  their  knowledge  about 
the  state  of  an  astronaut  in  flight  until  they  obtain  the  first  messages  from  the 
spacecraft  which  is  flying  in  the  tone  nf  coverage  of  the  receiving  system. 
Consequently,  the  obtainment  of  information  may  be  Identified  with  the  elimination 
of  uncertainty.  Thus,  the  presence  of  the  minus  sign  in  Shannon's  formula  becomes 
intelligible. 

One  of  the  definitions  of  the  amount  of  information  states «  the  amount  of 
Information  Is  a  measure  of  the  uncertainty  which  is  eliminated  [2k5).  Prior  to 
obtaining  a  message,  a  physician  on  the  ground  can  assume,  with  different  degrees  of 
probability,  the  presence  of  various  states  of  an  astronaut.  If  it  is  known  that 
during  the  preceding  communication  the  state  of  the  astronaut  was  good  and  no  shifts 
were  observed  In  the  other  Indicators,  It  is  most  probable  that  his  state  also  will 
be  good  in  the  forthcoming  communication.  The  probability  of  the  appearance  of 
syncopal  states  in  this  case  la  extremely  small.  The  probability  of  the 
manifestation  of  symptoms  of  vestibular  stimulation  Is  more  significant.  It  is 
clear  that  the  probability  approach  to  information  is  completed  grounded  and  realistic. 
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'•S|W*Y«r1»  concerning  the  question  of  the  transmission  of  physiological  parameters 
(recordings  °r  physiological  functions) ,  It  is  neoasaary  to  temporarily  reject  the 
probability  approach  since  we  cannot  determine  the  probability  of  individual  signals 
with  sufficient  accuracy,  the  totality  of  which  stakes  up  a  message  on  a  physiological 
parameter.  In  other  words,  we  still  do  not  know  tha  probability  characteristics  of 
the  signals  which  make  up  the  electrocardiograms,  sphygmograms ,  pneumograms,  or 
other  physiological  aesaagss.  Only  therefore  are  we  forced  to  consider  all  the 
transmitted  signals  to  ba  equiprobable  and  to  use  Hartley's  formula  to  calculate 
the  amount  of  information  in  physiological  parameters  instead  of  Shannon's  formula, 
which  is  a  particular  case  of  Shannon's  formula  In  the  *vent  of  equiprobable  signals. 

legg  m 

where  H  is  the  amount  of  information,  n  is  the  number  of  signals  in  a  unit  of  time, 
and  m  is  the  maaber  of  possible  signals. 

Actually,  if  pi  -  1/a,  !.<>.,  if  the  signals  are  equlprobnble, 

at  at 

than—  *  $  jk  Pi  ;=  n  2  4-  log*  -i-  k»p  ~  -  »  -log,  m. 

«-i  i-i 

Ihe  unit  of  the  amount  of  information  is  the  bit  (from  the  English  words 
"binary  digit").  One  bit  is  th<i  Information  obtained  in  a  single  selection  from 
two  equlprobahle  signals.  Correspondingly,  a  single  selection  from  four  equiprobable 
signals  givrs  two  bits  of  information,  and  selection  from  32  signals  gives  five 
bits.  In  other  words,  the  number  2  is  employed  as  the  logarithm  base  when  using 
the  formula  for  computing  the  amount  oj'  Information. 

To  Investigate  the  possibility  of  transmitting  physiological  Information 
through  telemetering  channels  it  is  first  of  all  necessary  to  determine  the  amount 
of  information  to  be  transmitted. 

Actually,  it  is  a  question  of  the  so-called  capacity  of  the  information 
source,  i.e.,  the  amount  of  information  which  is  created  by  the  source  of  information 
per  unit  time.  We  are  solving  a  similar  problem  for  the  first  time  in  reference  to 
phyeiology,  and  therefore  we  shall  subssquently  devote  prime  attention  to  the 
fundamental  approach  to  the  calculation,  and  not  to  the  achievement  of  Its  maximum 
accuracy.  This  is  also  connected  with  the  fact  that  as  we  study  the  probability 
structure  of  physiological  signals  tho  final  coaaputed  values  will  change. 

The  first  attempts  to  determine  the  amount  of  information  in  physiological 
parameters  were  published  by  the  USSR  In  1961-1962  in  cooperation  with  V.  V.  Parin 
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and  0.  G,  Qazenko  132,  81,  191,  196].  F.  I,  Bushmin  published  a  wo r;  in  1963  [3?] 
In  which  he  considers  the  reliability  of  information  which  is  recorded  by 
contemporary  electrocardiographs,  and  uses  the  concepts  of  information  theory  to  do 
this.  To  explain  the  speed  of  creation  of  information  it  1b  necessary  to  know  at 
least  two  quantities j  the  number  of  possible  signals  and  the  minimum  necessary 
number  of  signals  per  second.  Although  physiological  parameters  are  practically 
continuous  functions,  they  can  be  completely  determined  by  a  sequence  of  discrete 
signals  Inasmuch  as  the  quantization  errors  can  be  reduced  to  a  minimum  by  the 
appropriate  selection  of  the  frequency  of  readingB  [710,  759].  Thus,  the 
calculation  of  the  capacity  of  a  physiological  source  of  information  amounts  to  tb 
dfe' ermination  of  the  number  of  discrete  values  for  each  parameter  per  unit  time 
(second)  which  are  necessary  for  a  sufficiently  complete  (In  reference  to  concrete 
problems)  description  of  a  continuous  quantity  by  a  series  of  discrete  quantities. 
It  is  necessary  to  determine  the  quantization  rate  with  respect  to  two  indicators, 
i.e.,  time  and  amplitude.  Figure  6  illustrates  the  quantization  alternative*  of  ar. 
electroencephalogram,  pneumogram,  and  electrocardiogram  at  various  frequencies  with 
respect  to  these  two  indicators.  It  is  evident  from  the  figure  that  in  tisae 
quantization  with  a  frequency  of  100  per  second  all  three  parameters  are  well 
defined  by  their  discrete  values.  At  a  quantization  frequency  of  10  per  second, 
only  the  pneumogram  can  be  physiologically  evaluated,  and  only  delta -waves  can  be 
determined  in  the  electroencephalogram.  Analogous  relationships  also  occur  at 
different  frequencies  of  amplitude  quantization.  In  determining  the  quantization 
frequency,  the  maximum  amplitude  of  the  curve  is  assumed  to  be  lOCjf  and  then 
quantized  with  an  accuracy  of  5  and  20$,  i.e.,  20  and  5  amplitude  readings. 

It  le  not  difficult  to  see  that  the  number  of  time  readings  le  no  other  than 
the  quantity  n  in  the  Hartley  formula,  and  the  number  of  amplitude  readings  is  the 
quantity  m.  Consequently,  after  determining  these  values  for  each  physiological 
parameter  subject  to  transmission  by  telemetry,  we  will  find  a  very  important 
characteristic  of  the  communication  channel,  i.e.,  the  capacity  of  the  source  of 
information.  However,  this  task  not  as  simple  as  it  seems  at  first  glance.  The 
fact  is  that  the  selection  of  quantities  a  and  n  depends  on  the  point  of  view  of 
the  physician  and  the  physiologist  on  the  obtained  message.  If,  for  Instance,  a 
physician  is  interested  in  an  electroencephalogram  only  for  the  presence  or  absence 
of  delta -rhythms  (for  the  purpose  of  monitoring  sleep  and  waking  cycles),  the 
selection  of  values  of  m  and  n  within  the  limits  of  10  and  10,  respectively,  ia 
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pufflclent,  1.*.,  the  time  quantisation  Interval  can  amount  to  0.1  aec,  which  la 
sufficient  for  manifesting  oaclllationa  with  a  frequency  of  2-4  cps,  and  the  accuracy 
of  amplitude  quantisation  can  amount  to  10#,  since  it  la  well  known  that  slow 
delta-oscillations  usually  have  amplitudes  of  the  order  of  20-30  microvolts  [114], 
and  therefore,  at  a  maximum  amplitude  of  100  microvolts  they  can  be  easily  determined. 


Hj.  6.  Example  of  quantisation  of  an  electrocardiogram 
(9B%  am  electroencephalogram  ( 33r) ,  and  pneumogram  ( fir) 
with  respect  to  amplitude  (A  and  B)  and  time  (C  and  D). 
The  accuracy  of  amplitude  quantisation  la  5#  (C)  and  20# 
(D) t  the  frequency  of  time  quantisation  is  100  and  10  per 
sec  (A,  B). 


In  general,  the  selection  of  the  frequencies  of  time  quantization  for 
physiological  parameters  can  be  based  on  the  Kotel'nlkov  t'  eorem,  according  to  which 
the  quantization  frequency  should  be  twice  as  much  as  the  maximum  signal  frequency. 

Thus,  by  knowing  the  spectrum  of  the  frequencies  to  be  transmitted  through  a 
radio  channel,  it  la  easy  to  determine  the  necessary  quantization  frequency.  It 
has  alrsady  been  said  that  the  selection  of  quantization  frequencies  depends  on 
what  we  expect  to  obtain  from  the  recorded  physiological  parameter. 

Below,  as  examples  which  illustrate  the  method  of  calculating  the  capacity  of 
an  information  source,  we  will  consider  the  transmission  of  oscillograms  with 
electrocardiogram,  electroencephalogram,  electromyogram,  pneumogram,  and  thermogram 
characteristics  through  a  radio  channel.  These  parameters  were  selected  out  of 
didactic  considerations  In  view  of  the  distinction  in  frequencies  of  amplitude  and 
time  quantization.  We  Bhall  consider  the  transmission  of  these  parameters  In  the 
form  In  which  they  are  recorded  by  means  of  contemporary  electrographic  devices  and 
under  the  condition  of  preserving  those  of  their  details  which  are  necessary  for  a 
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practical  evaluation  by  methods  that  have  obtained  sufficiently  extensive 
utilization. 

For  practical  purposes,  the  spectrum  of  an  EKG  recording  can  be  limited  to 
4o-50  cps,  which  gives  a  value  of  n  equal  to  100.  The  same  number  can  be  obtained 
by  originating  from  the  minimum  duration  of  the  QRS  complex,  i.e.,  0, 05-0.06  sec, 
what  gives  a  quantization  Interval  of  no  more  than  0.01  sec.  It  is  more  complicated 
to  determine  the  accuracy  of  amplitude  quantization.  It  is  known  that  the  normal 
rel  •‘  ionship  between  a  maximum  R-wave  and  a  minimum  P-wave  can  attain  lOi  1.  This 
makes  it  necessary  to  select  at  least  20  quantized  levels  (i.e.,  an  accuracy  of  5 *). 
However,  when  it  is  necessary  to  determine  the  shift  of  the  ST  interval  by  0.1-0. 2 
mi'llvolt  at  an  R-wave  amplitude  (in  chest  leads)  of  up  to  2.0  millivolts,  the 
number  of  readings  should  be  increased.  For  convenience  of  calculations,  we  will 
assume  that  number  m  is  equal  to  16  or  52.  This  signifies  that  at  any  moment  of 
time  at  the  input  to  the  telemetering  channel  there  can  appear  with  equal 
probability  any  of  the  16  or  ?2  signals  with  a  fixed  amplitude.  ThuB,  by  using  the 
Hartley  formula  we  obtain 

H***  n  •  !ogtm  100  log*  32  =  10  •  5  =*  500  (When  m  =  10,  it  =  400). 

Consequently,  the  capacity  of  the  information  source  in  the  electrocardiogram 
transmission  system  is  equal  to  400-500  bits  per  second. 

For  analogous  calculations  in  reference  to  an  electroencephalogram,  one  should 
consider  that  a  frequency  spectrum  of  up  to  100  cps  is  necessary  in  clinical 
practice  for  manifesting  eplleptoid  spikes.  If,  however,  we  base  our  calculations 
on  the  usual  methods  of  visual  frequency  analysis,  a  spectrum  of  up  to  40-50  cps 
will  be  sufficient.  Thus,  two  values  of  number  n  can  be  obtained  —  100  and  200. 

The  accuracy  of  amplitude  quantization,  taking  ir.to  account  the  amplitude  difference 
of  the  exalted  alpha-rhythm  and  the  low-voltage  beta-oscillations,  should  be  no 
lower  than  5#  (for  convenience,  we  will  assume  that  n  -  i6).  By  the  Hartley 
formula,  we  obtain; 

Jf  **200  •  log*  lfi  =  200  •  4‘  =  800  bits/sec . 

The  basic  indicators  in  an  electromyogram  also  are  frequency  and  amplitude. 

The  electromyogram,  which  represents  a  curve  of  non-slnusoidal  oscillations,  has  a 
frequency  spectrum  of  up  to  '0  cps.  This  signifies  that  n  should  be  equal  to  1000. 
With  respect  to  the  amplitude  characteristics  of  muscular  biopotentials,  one  should 
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consider  that  *  diagnostic  value  Is  given  usually  to  changes  of  the  order  of 
*10-20%.  Consequently,  the  capacity  of  tne  Information  source  for  an  electromyo¬ 
graphic  channel  Is  expressed  by  a  very  large  numbers  H  -  1000* logg  8  -  5000  bits/sec. 

The  pneumogram  is  a  relatively  slow  parameter.  The  respiratory  rate  In  a 
human,  as  it  is  known,  attains  50-60  per  minute,  l.e.,  does  not  exceed  l  cps.  When 
recording  a  pneumogram,  the  researcher  usually  is  not  interested  the  fine  details 
of  the  curve.  Therefore,  the  accuracy  of  amplitude  quantisation  can  be  selected  as 
20-25#.  Computation  by  the  formula  gives  a  quantity  of  order  of  4  blts/sec.  For  a 
pneumographic  channel  that  is  Intended  for  investigating  animals.  In  view  of  the 
fact  that  their  respiratory  rates  can  attain  200  and  more  per  minute,  the  amount  of 
information  is  equal  to  16  blts/sec. 

(jr«8.|et,4-t.S-t«) 

Finally,  for  transmitting  data  on  body  temperatuie,  the  telemetering  channel 
should  be  designed  to  transmit  only  about  0.1  blts/sec.  Indeed,  if  we  assume  a 
0, 1°C  accuracy  of  temperature  measurement  on  a  20°  scale,  the  number  m  is  equal  to 
200  («256).  The  discrete  nature  of  the  temperature  readings  cannot  be  greater  than 
one  measurement  every  few  minutes  (for  Instance,  2-5  minutes),  l.e., 

u  -  |Jg «0.<M  (#/  -  0,01  •  log, 356  -  0.01  . 8  -  0,08* 0.1). 

Figure  7  represents  diagrams  of  amplitude -time  quantization  of  the  Indicated 
physiological  parameters  which  illustrate  the  discussed  calculations. 

Total  volume  of  a  message  (V)  to  be  transmitted  through  a  telemetering  channel 
is  determined  on  the  basis  of  the  frequency  band  (F),  the  mean  signal  power  (P), 
and  the  transmission  time  (T): 

r-  iftp. 

The  quantity  2F  is  selected  in  accordance  with  the  Kotel'nikov  theorem  on  the 
discrete  presentation  of  a  signal  with  a  limited  spectrum.  The  quantity  P  can  be 
defined  as  logg  m  under  the  condition  of  the  absence  of  noise.  T  is  the  time  in 
seconds.  Thus,  it  is  possible  to  calculate  the  volume  of  a  message  which  contains 
the  recording  of  any  physiological  parameter  during  a  specified  time  interval.  For 
instance,  the  volume  of  a  message  that  contains  a  50-second  electrocardiogram 
recording  is  equal  to  15,000  bits. 

We  have  considered  the  question  of  what  amount  of  information  should  be 
transmitted  from  the  information  source  to  the  recipient  by  means  of  telemetering 
system,  and  how  much  Information  can  proceed  to  the  input  of  a  radio  channel  per 
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unit  time.  However,  each  channel  is  designed  to  transmit  a  fully  specified  volume 
of  information.  A  channel  Is  character!  •  ed  by  its  rate  of  information  transmission, 
its  carrying  ability,  or  capacity. 


Fig.  7.  Selection  of  optimum  frequencies  of  time  and  amplitude 
quantisation  of  an  electrocardiogram  (3KT)  electroencephalogram 
(Tr )  ’  electroiayo®r,uo  (3Mr),  pneuraogram  (nT),  and  thermogram 
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The  capacity  of  a  channel  (C)  In  blts/aec  la  equal  to  the  amount  of  Information 
Which  It  can  transmit  In  1  sec.  For  an  actual  channel  with  noise,  there  exists  the 
following  formula  [710 ] t 

c- 


where  pc  and  pR  are  the  signal  power  and  the  noise  power,  respectively.  For 
undistorted  transmission  of  a  message,  it  Is  necessary  that  the  capacity  be  a  little 
greater  than  the  rate  of  Information  creation  by  the  Information  source  (C  *  H). 

This  circumstance  must  be  borne  In  mind  when  calculating  the  capacity  of  telemetering 
channels  for  the  transmission  of  physlolc  leal  information  (Table  3) . 
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Table  3.  Tentative  Calculations  of  the  Capacity  of  Sources  of  Physiological 
Information  and  the  Capacity  of  the  Telemetering  Channels  for  its  Transmission 


Physiological 

parameter 


Upper 
limit 
of  fre¬ 
quency 
spectrum, 
epa 


Accuracy  of 
leval  quan¬ 
tisation,  % 


Ime  ampli¬ 
tude 


Amount  of  Capacity, 
Information,  blts/sec 
bits/sec 


Electrocardiogram.  50 

Elect  roenc  ephalo- 
gram .  100 

lec  t  romy ograrn ....  500 

'cumogram. . , .  4 

Thermogram .  0.005 


5 

100 

16 

5 

200 

16 

20 

1000 

8 

25 

8 

4 

0.5 

0.01 

256 

1 

400 

500 

to 

600 

800 

900 

to 

1000 

3000 

3500 

to 

8 

O 

-=r 

16 

20 

to 

25 

0.1 

0.1 

to 

0.2 

As  can  be  seen  from  the  table,  the  transmission  of  physiological  information 
requires  channels  with  various  capacities  from  4000  to  0.1  bite/sec.  This  means 
that  it  is  either  necessary  to  create  special  telemetric  systems  that  have  channels 
with  different  capacities,  or,  when  using  standard  telemetric  systems,  to  use 
methods  of  information  storage  in  the  channels.  If  the  volume  of  a  signal  exceeds 
the  capacity  of  the  channel,  several  channels  are  connected  together  to  transmit 
one  parameter,  or  the  information  is  converted  into  a  form  that  is  suitable  for 
transmission  through  a  given  channel  (encoding).  All  of  these  methods  are  known  in 
space  biotelemetry. 

The  telemetric  facility  used  by  the  American  researchers  for  transmitting 
biological  information  from  the  nose  cone  of  the  ballistic  rocket  "Jupiter"  for  the 
monkey  launchings  in  1958-1959  [48l]  had  channels  with  different  carrying  capacities 
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for  t ran omit ting  different  parameters.  The  system  was  based  on  a  combination  of  the 
methods  of  frequency  and  time  multiplexing.  Table  4  presents  the  basic  character¬ 
istics  of  this  biotelemetric  system. 


tauio  una rm 

Parameter 

i’requen- 
:y  band, 
:ps 

cb  oi  me 

Subcarrier 

frequency, 

kc 

juyiber 

Number 
of  in¬ 
terro¬ 
gations 
per  sec 

Parameter 

Frequen¬ 
cy  band, 
cps 

Subcarrier 

frequency, 

kc 

Number 
of  in¬ 
terro¬ 
gations 
per  sec 

Klectro- 

Rate  of 

cardiogram. . . 

330 

22 

pulse  wave. 

25 

1.7 

Pneumogram. . . . 

— 

30 

10 

COg  content 

In  air . 

bod>  Temper- 

atnre . . 

30 

10 

30 

10 

Temperature 

Motor 

of  medium. . . . 

30 

10 

responses . . 

30 

10 

Cabin  pressure 

30 

10 

Stimulant 

30 

10 

Electro- 

myogram 

790 

52.5 

Cabin  humidity 

30 

10 

Heart  tones . 

1050 

70 

During  the  flight  experiments  on  the  second  and  third  Soviet  satellite  ships, 
the  method  of  commutation  of  20  slowly  varying  biological  parameters  In  one  standard 
telemetering  channel  was  used.  To  do  this,  the  on-board  medical  equipment  Included 
a  special  mechanical  commutator  which  consecutively  connected  the  information  source 
to  the  radio  channel  once  every  second.  The  commutated  parameters  included!  body 
temperature  of  animals,  air  temperature  and  humidity,  cabin  pressure,  and  others. 

In  these  flight  experiments,  the  volume  of  signals  proceeding  through  the  electro- 
myogram  and  phonocardiogrsm  recording  channels  was  decrease  with  the  aid  of  filters 
in  the  form  of  a  detector  and  an  integrator  with  recording  of  the  signal  envelope 
instead  of  its  complete  spectrum  [11,  29]. 

In  the  flight  of  the  "Vostok-5"  and  the  "Vostok-6"  the  telemetering  channel 
was  loaded  more  fully  by  the  simultaneous  transmission  of  two  physiological 
parameters  with  different  frequency  spectra  (seiemocardiogram  and  electrooculogram) 
through  one  channel. 

The  problem  of  optimum  loading  of  telemetering  channels  takes  on  an  especially 
urgent  value  in  connection  with  increasing  the  duration  and  range  of  space  flights. 
The  basic  task  consists  of  transmitting  a  maximum  amount  of  physiological  Information 
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with  the  use  of  the  minimus,  channel  capaolty.  C.  Shannon  indicates  the  following 
throe  directions  of  research  in  decreasing  the  transmission  band  of  communication 
channels  [710] i 

a)  using  statistical  constraints  in  the  message,  e.g.,  optimum  encoding 
methods*  b)  increasing  the  slgnal-to-nolse  ratioj  c)  using  the • inf omation  recipient's 
characteristics . 

These  directions  of  research  have  already  been  realised  to  some  extent  in 
the  field  of  space  blotelemtry.  Questions  of  information  encoding  will  be  considered 
in  detail  in  Chapter  5.  In  particular,  one  of  the  simplest  signals,  l.e.,  codes, 
was  transmitted  through  a  "Signal"'  transmitter  during  the  "Vostok"  flights  in  the 
form  of  a  sequence  of  impulses  which  corresponded  to  the  rhythm  of  heart  contractions. 
Questions  of  increasing  the  slgnal-to-noise  ratio  are  being  solved  by  the  Joint 
efforts  of  physiologists  and  medical-equipment  designers.  The  most  interestingly 
trend  is  the  use  of  the  information  recipient's  characteristics.  To  illustrate 
this  trend  C.  Shannon  cites  an  example  from  the  area  of  verbal  communication.  He 
points  out  that  the  frequency  band  for  the  transmission  of  speech  can  be  many  times 
narrower  ae  compared  to  the  band  necessary  for  transmitting  music  In  the  recipient 
is  Interested  only  in  evaluating  the  semantic  value  of  the  messages  and  is  not 
interested  in  voice  timbre  and  intonation.  This  means  that  the  selection  of 
-dicators  which  are  of  most  Importance  to  the  recipient,  and  the  sifting  out 
everything  which  is  not  essential  (for  the  given  concrete  case)  can  serve  as  an 
important  factor  in  the  creation  of  narrow-band  biotelemetry  systems.  Investigations 
in  the  field  of  automatic  processing  of  medical  information  (see  Chapter  5)  are 
based  precisely  on  the  use  of  the  characteristics  of  the  information  recipient,  i.e., 
the  physician,  who  is  Interested  in  the  fastest  obtalnment  of  the  results  of  an 
investigation  without  the  tedious  analysis  of  initial  and  intermediate  data.  The 
use  of  a  "diagnostic  machine"  as  the  information  source  on  board  a  spaceship,  which 
transmits  messages  in  a  code  that  is  optimum  for  the  channel  and  the  recipient,  is 
essentially  considered  here. 

Physiological  Measurement  and  Information  Systems  in  Astronautics 

A  biotelemetric  system  which  interacts  with  the  subject  under  investigation, 
a  spaceship,  and  a  ground  medical  staff  is  an  example  of  a  largo  class  of  systems 
known  as  information  systems  [129,  245,  710],  One  of  the  important  properties  of 
the  objects  that  make  up  an  information  system  is  their  property  of  containing 
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Information  un  on®  another.  At  the  desire  of  the  observer  (researcher),  from  the 
great  number  of  connections  of  a  specific  inject  with  the  others.  It  le  possible  to 

o 

Isolate  only  those  which  are  of  interest,  in  this  case,  disregarding  the  rest.  Since 
wo  are  interested  in  physiological  information,  we  can  consider  the  Bystem  as  a 
physiological  one,  l.e.,  having  the  main  purpose  of  transmitting  messages  on  the 
physiological  state  of  a  living  subject.  However,  this  system  can  differ 
qualitatively  for  another  observer,  such  as  an  engineer.  An  amplifier  design 
engineer  can  investigate  the  noise  resistance  and  nolee  characteristic e  of  amplifier 
hy  using  the  same  information  system.  The  living  subject  to  him  in  this  case  will 
not  be  the  information  source,  but  a  generator  of  teat-signals  and  nolstB.  It  is 
po.  ible  to  demonstrate  that  this  system  can  aid  in  the  task®  of  studying  the 
opr, 'action  of  telemetering  devices,  conditions  of  radio-wave  propagation,  character¬ 
istics  of  directional  reception,  and  so  forth.  Moreover,  the  system  can  be  used  for 
a  large  number  of  special  measurements  which  concentrate  on  the  behavior  of  a 
living  subject]  for  instance,  the  operation  of  a  heat-control  system  may  ba 
Investigated  by  means  of  analysing  the  dynamics  of  phyeiologlcax  functions. 

The  term  "physiological  measurement  and  Information  system"  which  we  have 
introduced  is  intended  to  reflect  the  specific  nature  of  the  considered  systeei  of 
objects,  into  which  there  enteri  the  information  source  (human  or  animal); 
transducers  and  electrodes;  on-board  amplifying  equipment;  telemetering,  transmitting, 
and  receiving  devices;  devices  for  recording  and  presenting  data  on  the  ground;  the 
observer  (researcher),  l.e.,  the  recipient  of  the  information;  the  spacecraft 
communications  system;  the  spacecraft  television  system. 

This  composition  of  the  information  system  should  also  be  augmented  by  all 
other  objects  which  can  change  its  state  by  influencing  the  information  source. 

Such  a  broad  definition  of  the  composition  of  a  physiological  measurement  and 
Information  system  makes  it  possible  to  consider  man  in  space  flight  from  the  point 
of  view  of  his  dialectic  unity  with  his  surroundings,  l.e,,  objecte,  and  to  consider 
these  objects,  in  turn,  as  directly  intended  for  providing  the  moet  optimum 
conditions  for  the  existence  of  man  in  space  flight.  The  principle  of  the  system 
in  combination  with  one  clear  meaning  of  Its  main  purpose  —  to  obtain  phyalological 
Information  —  makes  it  possible  to  purposefully  study  and  plan  f light  experiments 
entirely  with  the  uee  of  the  large  volume  of  data  obtained  ae  a  result  of  each 
space  flight. 
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lafomUon  as  on*  of  tht  proportion  of  aettor  io  o  ooncnpt  which  is  related 
to  tho  concept  of  rofloetion  which  io  considered  by  dioloctlc  materialism  [245]. 

Hm  property  of  rofloetion  conolot*  in  the  fact  that  between  etatee  01  interacting 
objects  there  exists  a  definite  conformity;  some  of  then  reflect  the  etate  of  the 
lMnie>  Itf—IUi  theory  studies  tho  qualitative  alto  of  tho  otateo  of  aattor 
which  ref loot  ito  earioua  properties.  Tho  quantitative  approach  to  physiological 
information  does  not  ■ imply  oharaoterioa  the  atate  of  an  object,  oven  in  rather 
oleor  clinlcal-physloi ogioel  tamo,  but  measures  thin  otate  and  expresses  it  in 
digital  fora.  Tho  feasibility  of  quantitative  analysis  in  opaco  biology  and  medicine 
can  scarcely  bo  exaggerated.  This  oo lance  eon  be  constructed  only  on  the  basis  of 
quantitative  criteria.  In  tho  famous  words  of  S.  1.  Mongol  eye  v  —  "Selene#  begins 
where  measurements  begin.”  It  is  possible  to  give  many  more  similar  expressions, 
but,  apparently,  it  la  quite  clear  ting  tho  tgm  "Manuring"  system  was  not  selected 
st  randan,  but  has  a  profound  and  important  moaning. 

Thun,  o  physiological  measurement  end  information  system  Is  a  complete  eet  of 
facilities  which  make  it  possible  to  perform  a  quantitative  appraisal  of  physio¬ 
logical  information.  In  reference  to  astronautics,  this  is  the  complete  set  of 
facilities  which  provides  for  obtaining  a  maximum  volume  of  data  about  the  physio¬ 
logical  state  of  an  astronaut. 

The  physiological  measurement  and  information  aystem  of  a  spaceship  is  an 
example  of  a  very  complicated  (cybernetic)  system.  This  system,  in  turn,  consists 
of  a  number  of  aimpler  systems  and  is  characterised  on  the  whole  by  the  presence 
of  feedbacks  which  perform  the  task  of  internal  control  and  stabilization.  Before 
we  consider  the  entire  system  on  the  whole,  let  ue  mention  some  brief  characteristics 
of  its  separate  elements. 

The  Information  source  (man  or  animal)  is  the  basic  object  of  the  information 
system.  As  we  know,  the  number  of  various  signals  which  are  produced  by  a  living 
organism  la  extraordinarily  great.  According  to  P.  P.  Tarasov's  classification 
[2*5],  ell  signals  can  be  divided  into  three  large  groups:  1)  communications 
signals  (tolaphone,  telegraph,  writing,  and  so  forth);  2)  natural  signals  which 
Characterize  the  atate  of  an  object  and,  sb  a  rule,  are  produced  by  the  object 
Itself)  5)  measurement  signals,  where  there  are  two  signals  —  the  standard  and  the 
one  compared  with  it.  In  the  process  of  physiological  measurements  it  1b  necessary 
to  operate  with  all  the  indicated  types  of  signals.  Communications  signals  can 
characterize  the  activity  of  an  astronaut  very  well  and,  when  analyzing  radio 
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barriers,  his  physiological  state,  emotional  stress,  and  psyche. 

Natural  signals  are  all  forma  of  physiological  Information  which  are  recorded 
with  the  aid  of  various  electrodes  and  sensors.  Finally,  measurement  signals  are 
all  atlmulUB  signals,  the  response  to  which  is  a  specific  reaction  that  la  Known 
beforehand.  Here  the  standard  signal  la  stored  in  the  memory  of  the  Information 
system  (for  Instance,  In  the  memory  of  the  physician  who  Is  analysing  the 
information,  or  in  a  table  of  the  results  of  the  preceding  experiments).  The 
response  of  the  test  sub.lect  is  the  signal  which  Is  compared.  It  Is  Important  that 
neither  the  standard  nor  the  compared  eignals  themselves  carry  useful  Information 
and  that  only  the  total  aet  of  these  signals  gives  the  measurement  information. 

It  is  clear  that  the  number  of  signals  produced  by  an  information  source, 

<_iv  .dally  under  the  complicated  and  dynamic  conditions  of  space  flight,  Is 
extraordinarily  great.  The  first  and  foremost  task  consists  In  selecting  the 
necessary  signals.  Since  each  already  selected  signal  carries  considerably  more 
information  than  the  recipient  desires  or  more  than  earn  be  transmitted  to  the 
ground,  the  second  task  consists  In  removing  the  surplus  of  information  In  the 
signal  In  such  a  converslpn  of  it  which  makes  it  possible  to  transmit  the  necessary 
Information  through  channels  with  the  specified  carrying  capacity  (33),  We  shall 
further  discuss  the  concept  of  surplus  later.  Here  It  is  Important  to  note  that  a 
certain  surplus  of  Information  during  transmission  is  necessary  for  purposes  of 
counteracting  noise  and  distortions.  The  simplest  example  of  the  creation  of 
surplus  is  the  repetition  of  a  signal. 

Signals  which  are  converted  and  ready  for  transmission  can  be  either  Immediately 
introduced  Into  the  communication  channel  or  stored  in  a  memory  unit  for  subsequent 
transmission,  or  used  for  the  solution  of  other  problems  (signaling,  control). 

From  the  above-stated,  we  can  understand  the  role  of  the  remaining  elements 
of  the  measurement  and  information  system.  The  sensors  and  electrodes  select 
specific  information  from  the  huge  amount  of  algns.ls  produced  by  a  living  organism. 
The  on-board  amplifying  equipment  converts  the  signal  into  a  form  that  Is  suitable 
for  transmission  or  storage.  The  telemetering  devices  (on-board  and  ground) 
directly  transmit  and  receive  information.  The  role  of  the  information  recipient  — 
the  ground  medical  staff  —  consists  in  interpreting  the  information  and  processing 
it  Into  concrete  solutions.  The  realisation  of  these  solutions  is  carried  out  by 
the  Flight  Control  Center  through  command  radio  lines  and  radio  communications 
systems.  Figure  8  represents  a  simplified  block  diagram  of  a  physiological 
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Pig,  8,  Block  diagram  of  physiological 
measurement  and  information  system  In  raference 
to  tha  ’’Voatok"  flights. 

M  —  man  In  space  flight)  C  —  physiological 
measurement  system  of  spaceship)  TV^  —  on¬ 
board  television  system;  Acsg  —  on-board 
communications  equipment;  PTCg  —  on-board 
telemetering  systems;  KPJIg  —  on-board 

command  radio  line;  Aq#h;  KPJ1h;  ” 

corresponding  ground  systems;  P  —  recorders; 

Bp  -  physician;  u  —  flight  control  center. 

This  diagram  shows  four  types  of  communication  between  objects  of  the 
information  Bystem,  There  are  two  forms  of  direct  communication,  in  which  natural 
and  communications  signals  proceed  from  the  information  source  to  the  recipient, 
nd  two  forms  of  feedback,  in  which  control  signals  proceed  from  the  recipient  to 
the  information  source  and  to  the  objects  of  the  spaceship.  The  time  of  circulation 
of  information  in  the  described  system,  which  used  for  solving  problems  of 
operational  medical  monitoring  in  the  course  of  a  space  flight,  is  characterized 
by  a  specific  quantity,  i.e.,  the  control  signals  lag  somewhat  with  respect  to  the 
information  signals.  Thus,  one  or  the  indicators  of  a  physiological  measurement 
and  information  system  is  the  time  of  circulation  of  information  or  the  time 
necessary  for  processing  physiological  information  into  control  commands. 

Questions  of  optimizing  the  circulation  of  information,  and  decreasing  the 
lag  time  of  the  control  signals  are  considered  later  and  are  related  to  the  solution 
of  the  problem  of  automating  physiological  measurements  on  a  spaceship. 

Let  us  now  consider  certain  practically  important  parameters  of  a  physiological 
measurement  and  information  system.  Tha  most  important  requirements  of  any 
information  system  are  noise  Immunity,  reliability,  and  effectiveness  [245],  The 
noise  immunity  of  a  system  is  itB  ability  to  transmit  information  in  the  presence 
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of  interferences.  Measurement  of  noise  lmnunlty  can  be  based  on  a  comparison  of  the 
sent  and  received  signals.  The  greater  their  difference,  the  lower  the  noise 
immunity.  It  is  neceeeery  to  consider  that  for  each  system  there  exist  specific 
iiccuracles  of  reproduction.  Thus,  when  transmitting  an  electrocardiogram,  ona  of 
the  requirements  with  regard  to  accuracy  consists  in  generating  a  F  wave  which 
constitutes  0.1  of  the  amplitude  of  the  R  wave.  Distortions  of  physiological 
information  during  its  transmission  to  Earth  can  be  caused  by  different  elements 
of  the  system.  Distortions  can  be  related  to  incorrect  installation  of  sensors  and 
electrodes.  To  do  this,  special  research  la  conducted  on  the  distribution  of 
electrodes  and  sensors  on  the  human  body  and  animals  and  on  the  creation  of  fixation 
uyi.r mb,  Distortion's  can  be  caused  by  incorrect  selection  of  the  characteristics 
of  t.ie  amplifying  equipment  or  by  the  presence  of  set  noise  in  the  amplifiers.  A 
large  class  of  distortions  Is  related  to  the  transmission  and  recaption  of 
information  and  to  the  radio  channel;  finally,  distortions  can  appear  in  the  process 
of  recording  the  Information.  The  increase  of  noise  immunity  of  a  system  is 
simultaneously' both  an  engineering  and  a  medical  problem.  The  correct  formulation 
of  the  requirements  for  the  accuracy  of  information  reproduction,  taking  into 
account  the  carrying  capacity  of  the  communication  channel,  should  be  based  on 
criteria  of  radio-electronic e  technology  and  information  theory  to  the  same  extent 
as  on  criteria  of  physiology  and  medicine. 

The  reliability  of  a  system  is  its  ability  to  perform  specific  functions 
without  failure  under  certain  conditions  of  operation  and  time  [66,  245  ,  710] . 
Reliability  refers  to  probability  criteria  since  it  iB  determined  lx.  the  form  cf 
the  probability  of  failure,  which  is  calculated  in  reference  to  a  specific  period 
of  operation.  Since  the  reliability  of  a  system  on  the  Whole  depends  on  the 
reliability  of  Its  separata  elements,  the  reliability  of  systems  decreases  as  they 
become  more  complex.  An  Increase  of  the  reliability  of  complicated  radio-electronic 
systems  pertain  to  a  sphere  of  two  scientific  dlscipllnesi  radio  electronics  and 
information  theory.  The  first  is  concerned  with  the  problem  of  increasing  the 
reliability  of  separate  units  of  the  system,  l.e.,  radloelectronlc  devices, 
components,  and  elements.  The  second  investigates  the  problem  of  creating 
sufficiently  reliable  systems  from  unreliable  elements.  There  has  recently 
appeared  a  special  discipline,  the  theory  of  reliability.  The  least  reliable 
elements  of  a  physiological  measurement  and  Information  system  are  the  sensors  and 
electrodes  [867].  To  obtain  high-quality  and  reliable  Information,  it  Is  necessary 
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to  obum  certain  condition*  with  reepeet  to  thoir  dimensions,  design,  on* 

Of  importance  it  the  proper  ■election  of  the  physiological  parameters 
for  recording  under  specified  conditions.  Thus,  at  present  it  is  practically 
impossible  to  ereat*  a  system  which  provides  for  the  reliable  recording  of  a  human 
electroencephalogram  under  conditions  of  motor  activity.  Therefore,  with  regard  to 
the  degree  of  reliability,  wa  can  distinguish  universal  systems,  which  function 
reliably  under  any  conditions,  e.g.,  rest,  activity,  tha  action  of  various  extreme 
factors,  and  specialised  systems,  which  function  reliably  only  under  specific  given 
conditions,  e.g.,  under  conditions  of  rest.  The  reliability  of  a  system  should  be 
given  in  the  technical  specifications,  just  as  the  other  parameters. 

The  reliability  rsqulrwasnt/  are  part  of  tha  othar  special  requirements  for 
the  elements  of  the  system.  Thus,  when  setting  up  the  requirements  for  en 
electrocardiogram- recording  system,  along  with  tha  form  and  dimensions  of  the 
electrodes,  the  method  of  their  fixation,  and  the  quality  of  the  contact  paste,  tha 
limits  of  changes  of  the  contact  resistance  during  a  specified  time  also  must  be 
given.  For  Instance,  a  system  which  varies  interelectrode  resistance  from  5  to  100 
kohm  in  12  hourB  cannot  be  considered  to  be  reliable  for  a  multi-day  space  flight; 
however,  it  is  fully  reliable  for  purposes  of  preflight  inspection  or  for  brief 
laboratory  tests. 

The  concept  of  the  effectiveness  of  a  physiological  measurement  and  Information 
system  has  two  aspects*  technical  and  diagnostic.  Technical  effectiveness  la 
related  to  the  rats  of  transmission  of  the  information.  Of  two  systems  with 
identical  carrying  capacity,  the  more  effective  is  the  one  which  transmits  the 
specified  amount  of  information  in  the  shortest  interval  of  time  [s4s],  it  is  clear 
that  an  increase  of  effectiveness  is  related  to  a  decrease  In  the  surplus  of 
information,  i.e.,  to  ite  optimum  encoding  [468,  6*7,  710,  759].  This  question  is 
considered  in  detail  later.  Here  we  will  mention  on?  of  the  indicators  of  technical 
effectiveness,  the  information  transmission  factor,  which  is  defined  aa  the  ratio 
of  the  ratio  of  transmiaeion  of  information  through  a  channel  to  the  rate  of 
creation  of  information  by  the  source.  We  already  saw  that  in  a  number  of  cases 
the  telemetering  channel  operates  with  underloading,  l.e.,  the  amount  of  information 
transmitted  through  the  channel  is  considerably  below  its  capabilities.  This  led 
to  the  development  of  various  methods  of  channel  multiplexing!  commutation  of  a 
large  number  of  slow  parameters  to  one  channel  and  simultaneous  transmission  of 
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two  parameters  through  one  channel,  The  complete  realisation  of  the  capabilities  Of 
£he  telemetering  channel  is  one  of  the  Important  problems  of  apace  physiology. 

We  have  proposed  an  Integral  index  of  the  quality  of  a  physiological  measurement 
and  informational  system.  It  ie  called  diagnostic  effectiveness.  Inasmuch  as 
diagnostics  is  essentially  the  processing  of  biological  information  into  diagnoses, 
and  then  Into  active  maasures  directed  towards  the  object  of  measurement  (patient) . 
The  diagnostic  effectiveness  of  a  system  can  be  defined  as  the  ability  to  solve  a 
specific  range  of  problems  with  a  given  volume  of  transmitted  information  under 
t'.iven  operating  conditions.  Diagnostic  effectiveness  in  the  first  place  depends  on 
the  selection  of  the  parameters  subject  to  registration  and  on  the  algorithm  for 
pro  Baaing  the  obtained  information.  Regardless  of  whether  the  information  la 
processed  by  on-board  automatic  devices  or  on  Earth,  or  whether  medical  personnel 
do  it,  other  things  being  equal,  diagnostic  effectiveness  to  a  considerable  extant 
depends  on  the  general  level  of  physiological  and  medical  knowledge  and,  in 
particular,  on  the  training  of  the  physiologists  and  physicians  that  select  the 
physiological  parameters,  formulate  the  requirements  for  the  medical  equipment,  and 
develop  diagnostic  algorithms .  It  should  be  noted  that  with  high  quality  of  the 
electronic  equipment  and  sufficient  capacity  of  the  telemetering  channels  the 
diagnostic  effectiveness  can  be  very  low  in  view  of  the  improper  selection  of 
parameters  and  algorithms  for  processing  the  infoti  *lon.  Conversely,  the  well- 
founded  selection  of  parameters  and  the  application  of  effective  algorithms  can 
ensure  high  diagnostic  effectiveness  of  the  system  even  when  channels  with  an 
extremely  email  carrying  capacity  are  used. 

Diagnostic  effectiveness  is  related  to  the  selection  of  the  parameters,  the 
arrangement  and  design  of  the  sensors,  as  well  as  to  such  indicators  of  the  system 
as  noise  immunity,  reliability,  carrying  capacity,  and  so  forth. 

In  concluding  this  chapter,  let  us  more  clearly  differentiate  between  the  two 
concepts  that  we  have  used!  the  "biotelemetric  system"  and  the  "physiological 
measurement  and  information  system."  From  our  explanations,  it  is  clear  that  the 
second  concept  Is  more  inclusive  and  broader,  and  pertains  essentially  to  the  field 
of  cybernetics.  The  "biotelemetric  system"  to  a  considerable  extent  is  a  technical 
concept  which  unites  the  meanB  for  transmitting  biological  data  through  a  radio 
channel,  and  in  this  sense  constitutes  one  of  the  elements  of  the  physiological 
measurement  and  information  system.  The  biotelemetric  system.  Just  as  the 
physiological  measurement  and  information  system,  is  a  particular  case  of  a 
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particular  case  of  a  "biological  aaasuraaant  and  information  systaa. 
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CHAPTER  ? 


CONTEMPORARY  PHY8I0L0QICAL  MEASUREMENT  SYSTEMS 
ON  SPACECRAFT 


Flight  experiments  with  animals  and  manned  apace  flight!  made  It  possible  to 
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1'i.r  providing  flight  safety  and  solving  research  problems.  This  chapter  considers 

►he  various  aspects  or  contemporary  phyaloiogleal  meaouremante  In  spaces  problems 
:if  Information  collection,  features  of  the  on-board  radio-electronic  equlpasent, 
questions  of  transmitting  and  recording  data,  and  also  the  features  of  setting  up 
a  flight  experiment  and  evaluating  it.  Prime  attention  le  given  h ere  to  the  medical 
s  Lde  of  the  conaldered  problems,  although  In  certain  cases  it  la  also  necessary  to 
concern  outselveo  with  technical  questions.  This  once  again  emphasizes  the  Important 
-,>le  of  creative  collaboration  of  physicians  and  engineers  In  providing  Tor 
physiological  measurements  in  space  flight. 


Transducers  and  Electrodea 

In  order  to  select  the  necessary  physiologic  data  from  the  huge  volume  of  the 
\ivious  signals  produced  by  the  information  source,  transducers  and  electrodes  are 
the  elements  of  a  physiological  measurement  and  information  system  which  coordinate 
1  he  Information  source  with  the  on-board  physiological  radio-electronic  equipment, 

A  transducer  Is  a  device  which  la  activated  by  the  energy  of  one  system  and  produces 
energy  for  another  system,  or  a  device  which  converts  one  fdrm  of  energy  Into  another 
form,  or  a  device  which  receives  specific  information  and  returns  it  In  e  specified 
form.  There  are  other  definitions  of  the  term  "transducer,*  whose  abundance  Indicates 
the  attention  which  Is  given  to  this  device  in  the  various  fields  of  science  and 
technology.  The  problem  of  transducers  occupies  e  special  place  In  medical  electronics 
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lr.  v low  of  the  fact  that  progress  It)  the  fi«)d  at  tvamstafars  essentially  determines 
the  achievements  In  the  fluid  of  methodology,  The  development  of  each  new  research 
method  In  physiology  usually  begins  with  the  creation  of  an  appropriate  transducer, 
in  general,  the  use  of  electronic  technology  and  sguigsssl  lr.  medicine  to  a  considers* 
ble  extent  involves  the  conversion  of  nontleadurleal  (bioiagicai,  physiological) 
quantities  into  elaotriaal  fummtltle*  [ts,  fjr,  ^1S,  IDS*  194,  795]. 

Certain  biological  prooeaaea  have  an  electrical  nature  or  are  accompanied  by 
changes  of  electrical  potentials  in  tissue#.  Electrodes  era  used  to  investigate 
these  processes.  An  alectrode  la  a  device  wt&oh  la  intended  for  contact  reception 
cf  the  electrical  potentials  that  appear  in  a  living  organism,  Thera  are  the  follow¬ 
ing  types  of  electrodesi  surface.  Inserted  (aeedla).  Implanted,  and  Intracavitary. 

in  space  physiology,  surface  (for  Veers)  sal  lag! anted  (for  animals)  electrodes 
are  used  to  obtain  information  In  a  flifit  experiment. 

Transducer*  and  alaotrodaa  play  an  llinrhaat  role  in  ensuring  of  high  noise 
immunity,  reliability,  and  gffsstlveness  of  the  J«sy*iologiaal  measurement  end  Infor¬ 
mation  aystaa  of  a  spaceship.  Any,  even  the  meat  effective,  physiological  method  can 
be  useless  if  effective  information  collection  is  not  ensured  with  the  aid  of 
perfected  transducers  and  eltctrodes.  The  uniqueness  and  high  cost  of  a  flight 
experiment  imposes  requirements  of  high  reliability  on  the  whole  physiological 
measurement  system.  Vm  kno*  of  cases  when  the  malfunctioning  of  a  transducer  and 
resit  in  the  wire  have  essentially  decreased  the  \olume  Information  obtained  in 
Ight  [449,  481].  In  the  multi-day  apace  flight!  of  the  "VostoKs"  the  EKQ  electrodes 
were  duplicated,  which  sharply  increased  the  reliability  of  the  measurement  system 
[10]. 

According  to  their  principle  of  action,  all  transducer*  een  be  divided  Into 
twr>  categories t  generating  and  parametric.  The  first  one*  produce  electrical 
signals  themselves,  which  are  equivalent  (Isomorphic )  to  the  investigated  biological 
process.  The  second  ones  change  their  electrical  characteristics  (parameters)  In 
accordance  with  the  dynamics  @f  the  biological  process.  Transducers  of  t*«*  generating 
type  are  more  preferable  in  apace  invest lga clone  since  they  do  not  require  special 
measurement  systems  and  power  source*. 

R.  Stacy  [755]  proposes  to  place  tranaductra  in  the  category  of  primary  converters 
if  the  electrical  aignal  appears  in  them  as  a  result  of  the  direct  influence  of  sn 
observable  phsr.oasr.sn  (microphones  for  recording  of  heart  tones,  potentiometers  for 
recording  movements) j  transducers  belong  to  the  omtegory  of  secondary  converters  If 
there  are  any  Intermediate  devises  for  transmitting  the  process  under  investigation 
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tu  the  transducer • a  sensor.  As  examples  if  secondary  converters  we  can  mention  tha 
•'  l<v  trodynamometer,  In  which  straining  or  tbi  steel  springs  causas  tha  potanticsiatar 
nllder  to  move  and  tha  anemometrlc  reapl  rat.nry  transducer,  In  which  a  stream  of 
iviialed  air  revolves  a  light  miniature  turbine  whoso  blades  causa  oscillations  of 

beam  of  light  which  strikes  the  photocell,  or  the  excitation  of  Induction  currents 
a  coil  because  of  the  motion  of  miniature  magnetic  elements.  It  is  clear  that 
ti-  cundary  converters  which  have  intermediate  devices  possess  poorer  characteristics 
than  primary  onss.  In  addition,  thslr  aise  and  weight  spsclf icationa  arc  also  lass 
applicable.  Therefore,  in  space  investigations  it  is  expedient  to  employ  chiefly 
Primary  conv#rt®rfi , 


Also  of  interest  to  space  physiology  is  the  claeeif ication  of  transducers 
•I'ccr’lng  to  their  power  interrelationships  with  the  object  of  measurement.  We 
..eve loped  this  classification  on  the  basis  of  an  analogy  with  the  classification  of 
Mocyb erne tic  automatic  devices  [196],  We  propose  to  distinguish  bioeontrolied 
transducers  and  powsr  transducers.  Biocontrolled  transducers  include  all  generating 
i. ivuiaducers  and  most  parametric  transducere .  These  are  the  transducers  which 


produce  olgnala  by  using  the  information  from  the  biological  subject  under  investiga- 
■  ion  as  a  control.  The  process  of  biological  control  essentially  is  accomplished  in 
miniature  herej  the  subject  controls  the  transducers  operation  by  making  it  generate 
c-l*ctr-lo*l  signals  or  change  ite  electrical  parameters.  Power  transducers  operate 
>n  the  principle  of  recording  the  effects  which  appear  as  a  result  of  the  Influence 
nf  some  form  of  energy  on  the  Investigated  subject.  A  clastic  example  of  this  type 
1  transducer  is  the  pickup  unit  of  an  eler trokymograph.  Here,  changes  in  Intensity 
ol'  X-radiation  passing  through  the  section  of  tissue  under  investigation  are  converted 


into  oscillations  of  electrical  current.  The  same  type  includes  transducers  of 
instruments  for  rheography,  oxyhemography,  and  ultrasonic  location.  The  value  of 
'  i  described  classification  of  transducers  In  astronautics  lies  In  the  fact  that 
in  a  prolonged  investigation  it  is  not  possible  to  use  power  transducers  since,  on 
m.h  one  hand,  it  "ill  demand  additional  power  consumption  for  constant  acliun  on  the 
organism  and  on  the  other  hand,  prolonged  action  can  render  an  unfavorable  influence, 
especially  in  the  complicated  and,  in  many  respects,  vague  conditions  of  space 
night.  Therefor#  we  consider,  for  example,  the  use  of  the  method  of  impedance 
pneumography  in  prolonged  flights  which  the  American  researchers  employed  during 
■  flights  W.  Schlrra  and  Ci.  Cooper  to  be  Inexpedient  {788,  790].  Of  course,  this 
.nee  not  mean  that  power  transducers  cannot  be  used  for  brief  research  recordings. 
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Thus,  the  Mth94*  of  oxyhemography  (158)  and  rhsegrap By  (455)  should  find  their 
application  In  future  nmnh  equipment  o*i  ^uuhlp*. 

Later  n  shall  consider  general  questions  of  the  design  end  epplloetlon  of 
transducers  end  electrodes  in  space  physiology,  We  shall  turn  our  attention  to 
the  fundamental  principled  or  operation  of  vgrious  types  of  traneducere,  the  aethods 

, 

of  lnvestifstlr*  their  ope  ret  Inc  cMmttrli qpb  *,  Ml  eh*  problems  of  connecting  the 
traneduoere  to  the  on* board  radio-electronic  equipment.  A  detailed  aeecription  of 
special  traneducere  which  neve  been  used  In  Soviet  apace  research  will  t>e  given 
together  with  an  account  of  the  corresponding  nathoda  ttf  physiological  research. 

The  development  of  transducers  end  electrodes  for  application  under  condition* 
of  space  flight  has  its  difficulties  [fto,  998*  458,  779] .  The  necessity  of  their 
prolonged  and  continuous  operation  while  Maintaining  their  operating  characteristics 
constant  during  and  after  the  action  of  various  faotors  (vibrations)  acceleretlone, 
various  atmospheric  factors  1  (temperature,  humic tty*  barometric  pressure),  and  also 
the  impossibility  of  replacing  the®  in  case  of  failure  during  night  forces  ue  to 
seek  newer  methods  of  recording  physiological  reactions  and  to  design  more  improved 
types  or  electrode*  and  traneducere.  A  serious  problem  is  the  arrangement  of  elec¬ 
trodes  and  transducers  on  the  bodies  of  astronauts.  On  tha  ground,  the  Inconveniences 
experienced  by  a  man  during  certain  Investigations  are  very  brief;  in  flight,  they 
become  constantly  acting  factors.  Transducers  and  electrodes  should  not  interfere 
.1th  the  work  of  an  astronaut  or  cause  him  any  dlscostfort.  This  statement  equally 
•‘srtaln*  to  animals  Inasmuch  as  symptoms  of  discomfort  causa  them  to  be  restless, 
and  Increase  their  motor  activity,  which  cannot  fall  to  show  up  in  the  results  of 
the  physiological  investigations. 

The  arrangement  of  traneducere  and  alectrodse  on  tha  subject  to  be  Investigated 
(nan  or  animal)  le  quite  difficult.  N9St  traneducere  and  electrode*  must  be  placed 
at  specific  points,  and  a  snail  displacement  of  the*  to  the  side  may  cause  essential 
distortion  of  the  recording.  Zn  investigations  on  animals,  the  escape  from  this 
difficult  situation  was  found  by  means  of  implanting  electrodes  under  the  skin  or 
in  a  muscle,  with  the  application  of  special  operative  methods  which  ensure  exact 
fixation  of  the  transducer  (for  instance,  drawing  out  the  cgrotld  In  doge  Into  e 
skin  flap  for  measuring  arterial  pressure  and  aphygmogram  recording,  [Sc].  Methods 
of  Implanting  transducers  in  the  thoracic  {421]  and  cranial  [1.79 .  18c]  cavities  have 
been  described.  The  t«sk  of  srrengament  and  fixation  of  transducers  and  electrodes 
on  the  human  body  is  significantly  more  complicated.  At  present  there  exist  many 
proposals  for  gluing  electro  es  and  transducers  to  the  ekln,  sewing  them  Into  clothes, 
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placing  than  In  natural  orifices  (rectum,  nun,  oral  cavity),  and  evan  Implant In* 
them  under  the  skin.  The  most  expedient  turned  out  to  be  a  system  of  attachaant 
with  the  application  uf  anaclal  cheat  belts  and  h.-lmets,  ar,  was  dona  in  tha  flights 
of  A,  0.  Nlkolayev,  p.  K.  Popovich,  V,  p.  bykovnkly.  and  V.  V.  Taraahkova  (10,  ii, 
")4.  295*  J. 


For  application  in  space  investigations,  tha  transducers  of  physiological 
measurement  ayatemj  must  possess  a  large  number  of  qualities.  Thsy  have  to  be  a* 
umail  aa  poaalbla,  constructively  convenient  for  arrangement  and  fixation,  mat  not 
h't'.'o  sharp  and  protruding  edges,  must  not  contain  liquid  and  eemlllquid  a  lament  a  (oil, 
« lo onol ) i  Bust  not  consume  energy  aa  much  aa  poaalbla,  and  mat  not  render  an 
•  uiorgetlc  influence  on  the  subject  of  investigation.'  Of  importance  is  the  method  of 
r...,  "ting  the  transducer  to  the  amplifying  equipment.  To  provide  for  euatalned 
nr  *  ..cements,  the  contact  heads  of  tha  transducer  ara  connected  to  a  ayetae  of 


lead-off  wires  by  maane  of  eolderlng.  Miniature  built-in  plugs  are  used  for  periodic- 
action  transducers.  Transmitter  pickups  have  recently  started  to  be  developed.  They 
arc  miniature  devices  which  contain  their  own  transducers  and  amplifiers,  and  a 
transmitter  which  relays  data  to  shore  distances  within  the  cabin  of  the  epaceehlp 

[?:?,  40,  192.  579]. 

The  basic  operating  characteristics  of  transducers  which  are  of  interest  to  the 
physiologist  ere  sensitivity,  working  range,  frequency- response  curve  (inertness), 
and  linearity.  The  sensitivity  of  a  transducer  can  be  defined  as  the  magnitude 
of  the  output  signal  per  unit  of  the  input  signal.  Thus,  If  the  output  signal  is 
voltage,  and  the  input  signal  is  the  mechanical  movement  of  a  vascular  wall 
(piezoelectric  transducer  for  sphygaograa  recording),  the  sensitivity  may  be  expressed 
In  microvolts  per  micron  of  displacement,  bearing  in  mind  that  the  displacements  of 
a  vascular  wall  can  attain  100  and  move  microns.  The  sensitivity  of  a  similar 
tmunducer  with  a  tansomaterlc  converter  can  be  expressed  in  fractions  of  an  ohm 
per  micron  of  dlaplacamant  or  In  microamperes  (current  in  the  circuit  of  a  measuring 
bridge)  par  micron  of  dlaplacamant.  In  space  Investigations,  sensitivity  la  usually 
calculated  in  reference  to  the  entire  physiological  measurement  and  information  system. 
Thus,  when  measuring  the  body  temperature  of  tha  animals  during  the  flight  of  the 
second  and  third  Soviet  satellite  ships,  the  values  of  temperature  were  computed 
directly  in  percents  of  the  ecale  of  the  visual  indicator  of  the  ground  telemetric 
nation,  whereupon  lOOg  corresponded  to  a  change  in  temperature  from  JO  to  k0°,  i.e., 
iV  «  log  of  the  scale.  In  the  given  case  we  encounter  two  other  characteristics  of 
■.  >  nrsducer,  l.e,,  working  rang*  and  linearity. 
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?er  £  thsssister  tfseiittoir.  the  specific  run  of  resistances  corresponds  to 
*  tsrperature  «Mg«  tram  90  to  *0°C.  Ths  tranaducsr  should  be  designed  lu  iiiCh  ft  way 

that  th*  rang*  of  the  working  values  of  it*  resis¬ 
tance  carrewBands  to  th*  given  rung*  of  changes. 

Taw  a  UpMftatr  that  la  l&teadad  for  measuring  tha 
dtig^r-fr" f  #f  -S  *%Wgiaj»  *aU,  tha  working  range  of 

«n  “ 

sensitivity  sjjjbttld  u  MiMtu  within  tha  li*ite  of 
10-100  Bicrons. 

An  Important  advantage  of  a  tranaduoar  ia  tha 
linearity  of  its  operating  characteristic,  i,a,,  tha 
changes  in  tha  output  signal  linearly  correspond 
to  tha  changes!*  tha  input  algnal.  This  characterise 
tie  ia  aapiota4  by  a  straight  line  on  a  graph  {fig. 

9).  Tzacsduccre  with  linear  characteristics  craate 
dafinlta  conveniences  during  aubcoquent  analysis  of 
experimental  data.  Llnaarlty  ia  especially  important 
for  transducers  which  operate  in  operational  aoniioring  channels,  where  the  rate  of 
information  analysis  has  a  decisive  value,  it  should  ba  noted,  however,  that  the 
application  of  autoMtlon  for  processing  physiological  lnforaatlon  Bakes  the  problem 
of  linearity  leaa  urgent. 

The  frequency- response  curve  of  a  transducer  Is  the  range  of  frequencies  that 
be  reproduced  by  the  transducer  without  distortions.  The  frequency- response 
curve  of  e  transducer  should  correspond  to  the  frequency  range  of  the  Input  signal. 
The  input  signal  can  be  subject  to  integration  or  dlf f erentiution  in  tnc  tisnvBuvcr 
itself  if  its  frequency-response  curve  shifts  in  the  direction  of  low  or  high 
frequencies  aa  ccepared  to  the  frequency  of  the  input  signals.  Thus,  in  pulse 
recording  with  an  electrons gnetlc  (induction)  transducer,  there  usually  Is  obtained 
a  differential  curve  (speed  recording).  This  Is  related  to  the  feet  that  electro- 
asgnetic  transducers  usually  have  very  low  sensitivity  at  frequencies  up  to  20  ops, 
and  th^ir  frequency- response  charee ter ia tics  lie  within  the  Halts  of  50-500  cps, 
while  the  frequency  range  of  pulse  fluctuation  is  trrm  0.1  to  to  cps.  Conversely, 
potentiometer  transducers  have  a  frequency- response  characteristic  from  0  to  20-90 
epe,  and  their  use,  even  for  recording  such  a  nslatlvely  low-frequency  process  as 
respiration,  leads  to  the  obtalnmsnt  of  integrated  curves.  Thus,  the  selection  of 
the  type  of  transducer  and  the  development  of  lta  design  are  directly  related  to 
problems  of  physiological  measuring  tad  should  be  solved  jointly  by  the  physiologist 
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tiriitiui  Of  various  active 
resistance  transducers. 

1  (a,  b,  c)  —  carbon  trans¬ 
ducers;  8  —  poiantlasMtar 
pickup;  9  -  contact- 
potsnt lose ter  pickup. 


and  the  engineer 


Active  Resistance  Transducers 

Active  resistance  transducers  or  ohmic  transducers  change  their  electrical 
resistance  as  the  measured  quantity  changes.  Their  simplest  form  is  the  potentio¬ 
meter  transducer.  It  consists  of  a  wire-wound  resistor,  along  which  there  moves  a 
slide  ccntac  t.  It  Is  essentially  a  potentiometer  which  la  connected  to  the  object 

of  measurement.  Similar  trans¬ 
ducers  were  used  during  experi¬ 
ments  with  animals  for  studying 
their  motor  activity  said  spatial 
position.  The  animal  la  connected 
to  a  potentiometer  movement 
pickup  by  means  of  a  Kapron 
cord  which  is  attached  to  fixing 
"clothes."  The  resistance  of  the  potentiometer  Is  directly  proportional  to  the 
length  of  the  cord  (sec  Fig.  9).  The  direct  component  of  output  voltage  indicates 
the  animal' s  position  inside  the  capsule  with  respect  to  the  point  of  attachment  of 
the  transducer  (the  distance  from  this  point).  The  alternating  component  makaa  it 
possible  to  estimate  the  degree  of  motor  activity  and  also  to  see  what  the  animal  Is 
doing  precisely  (Fig.  10). 

Another  type  of  active  resistance  transducer  that  was  developed  for  recording 
movements  Is  called  the  contact-rheostat  transducer.  The  magnitude  of  resistance 
of  this  transducer  depends  on  the  force  applied  to  the  cord  which  connects  Its 
cursor  to  the  object  of  measurement.  The  measurement  Bystem  is  turned  on  only  during 
the  action  of  a  specific  force,  i.e,,  the  contact  system  signals  the  minimum  efforts 
of  the  animal. 

Potentiometer  pickups  In  the  fora  of  an  elastic  rubber  tube  filled  with  carbon 
powuer  have  received  much  use  because  of  their  simplicity  [518].  This  type  of 
transducer  is  placed  above  the  elastic  insert  of  the  chast  harness  and  changas  its 
length  In  accordance  with  the  change  of  the  perimeter  of  the  chest  (Fig.  11).  The 
peculiarity  of  the  carbon  transducer  consists  in  its  nonlinearity.  Figure  9  shows 
the  typical  characteristic  curve  of  this  type  of  transducer  (the  relation  of 
resistance  to  length).  The  same  figure  illustrates  the  characteristics  of  potentio¬ 
meter  and  contact-realatance  movement  transducers.  As  can  be  seen,  the  carbon 
transducer  can  have  a  rectilinear  section  of  its  operating  characteristic,  in  which 
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Fig.  10.  Animal  movements  recorded  by  s  potentio- 

maf  or  niolm?V 


resistance  It  directly  proportional 
to  length,  The  sorting  range  of  the 
transducer  when  It  is  installed  is 
■elects*.'  with  in  the  lisalta  of  the 
rectilinear  section,  where  it  usually 
possesses  the  greatest  sensitivity. 

Variations  of  tha  carbon  trans¬ 
ducer  are  the  electrolytic  end 
mercury  transducers  [318,  736], 

In  this  esse  the  rubber  tube  le 
filled  with  an  electrolyte  solution 
or  aercury,  respectively.  The 
advantage  of  these  transducers  le 
good  linearity  in  a  wide  range  of 
values;  their  disadvantage  ie  the 
difficulty  of  asking  them  airtight. 

In  one  of  the  flret  American  ballistic  flights  under  project  "Mercury,"  a  respiration 
transducer  filled  with  a  solution  of  copper  sulfate  was  tasted  [789] . 

Another  variation  of  the  carbon  transducer  are  the  teneollte  elements  for 
sphygmorgnw  recording  [30]  and  pneuaoelectrlo  converters  with  the  use  of  a  carbon 
..  rophone  [223]. 

Active  resistance  transducers  Include  thermistors.  A  thermistor  le  a  resistance 
thermometer  made  from  semiconductor  material  with  a  high  temperature  coefficient, 
thermistor  transducers  have  been  employed  for  monitoring  the  temperature  regime  of 
spaceships.  Including  air  temperature,  and  also  for  temperature  changes  in  animals 
and  humans.  The  application  of  thermistors  was  conditioned  by  their  high  sensitivity 
(approximately  10-15  times  greater  than  the  sensitivity  of  copper  resistance  thermo¬ 
meters)  and  small  dimensions  which  make  it  possible  to  create  transducers  that  can 
be  placed  at  any  point  of  the  body. 

Thermistor  transducers  are  applied  not  only  for  measuring  body  temperature, 
but  also  for  recording  osculations  of  air  flog  [15,  670],  ,  For  instance,  thermistor 
transducers  were  widely  used  In  American  space  research  for  recording  the  respiration 
of  animals  [523,  650], 

In  this  case  a  current  is  sent  through  the  thermistor  witn  such  a  magnitude  so 
as  to  ensure  Its  heating  to  a  tenpereture  of  about  100°C.  The  thermistor  is  placed 
In  the  path  of  the  air  flow  and  the  fluctuation  in  air  speed  change  the  temperature 
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Fig.  11.  Carbon  transducer  for  pneuogram 
recording,  a  —  drawing  of  carbon  transducer; 
P  —  rusber  tune;  #  —  carbon  powder*  n  —  wire; 
H  —  filament  which  secures  lead-off  wires; 
b  —  external  view  of  transducer. 


of  the  thermistor,  The  voltage  drop  In  it  can  reach  jo-fu  mi lllvoite.  Theee  voltage# 
are  proportional  to  the  speed  of  the  all'  flow  which  cools  the  transducer.  Vibrations 
and  aee eie rat ions  practically  have  no  effect  on  this  type  of  transducsr.  Similar 
transducers  have  been  called  thermoanemometric  transducers.  They  are  used  for 
recording  pulmonary  ventilation,  pulse  oscillations  of  air  floe  during  the  measure¬ 
ment  of  arterial  pressure  (pneumooscilxograae),  and  in  othsr  cases.  Active  resistance 
transducers  also  include  1  etrlc  transducers,  shich  have  be  employed  a  greet, 

in  medicine  and  physiolo^  ]. 

Piezoelectric  Transducers 

in  piezoelectric  transducers,  the  conversion  of  nonelectric  (mechanical) 
quantities  into  electrical  ones  is  based  on  tha  appearance  of  slsctrlcal  charges  on 
the  .'aces  of  certain  natural  or  artificially  created  crystals  when  they  are  strained 
by  external  forces.  The  charge  that  appears  due  to  the  piezoelectric  effect  is 
directly  proportional  to  the  strain.  The  change  of  the  magnitude  of  the  charge 
depends  on  the  rate  of  change  of  the  magnitude  of  mechanical  stress  (strain): 

£  *  if* 

where  q  is  the  density  of  the  charge  (in  coul/em2).  Bn  is  the  piezoelectric  modulus 

O 

(in  coul/kgl  and  o  is  the  stress  (in  kj^cm  ). 

The  piezoelectric  modulus  for  quartz  has  a  magnitude  of  the  order  of  2*10 
and  2-10"9  for  barium  titanate.  Piezoelectric  transducers  belong  to  the  generating- 
transducer  class. 

When  building  transducers  that  are  based  on  the  piezoelectric  effect,  it  1b 
necessary  to  consider  that  they  are  recording  the  first  derivative  of  a  controlled 
process,  i.e.,  charges  exist  on  the  piezoelectric  element  as  long  as  there  is  strain. 
So  that  the  leaker  of  charges  least  distorts  the  results  ef  the  investigation,  it  is 
neceesaxy  that  the  time  constant  of  the  transducer  be  sufficiently  great  as  compared 
to  the  period  of  measurement  of  the  controlled  quantity.  The  time  constant  of  a 
transducer  Is  computed  by  the  following  formula i 


where  a  and  0K  are  the  capacitance*  of  the  transdueer  and  the  Input  circuit  of  the 
eleatrlcal  network,  respectively;  a  and  Gax  are  the  conductances  of  the  transducer 
and  the  input  circuit  of  the  electrical  network,  respectively. 

When  recording  physlologloal  processes  with  the  aid  of  plesoelectric  transducers 
there  usually  occurs  differentiation  of  the  measured  stress.  This  must  be  considered 


when  decoding  end  Analyzing  the  date. 
Piezoelectric  transducer*  Mere  used  on 
Soviet  spaceships  and  artificial  earth 
satellites  for  recording  arterial 
oscillations  when  measuring  arterial 
pressure  and  for  recording  sphygmograme 
of  the  carotid  In  aniaalB.  United 
States  made  attempts  to  use  piezoelectric 
transducers  for  recording  heart  tones. 

We  have  developed  high-quality 
transducers  for  recording  the  vlbratlonB 
of  the  chest  wall  (kinetocardlograas) ,  They  serve  as  ths  prototype  of  the  electro¬ 
magnetic  kinetocardlographlc  transducer  that  was  used  on  the  "Vostok-2”  [8,  10}. 

Semples  of  plesoelectrlc  transducers  are  shown  In  Fig.  12|  the  same  figure  illustrates 
an  electromagnetic  transducer  similar  to  the  one  which  was  ueed  In  Q.  S.  Titov's 
flight.  The  difficulty  of  applying  piezoelectric  elements  in  translator  circuits 
lies  in  the  fact  that  a  piezoelectric  transducer  requires  a  high  input  amplifier 
impedance,  and  this  is  very  complicated  to  eneure  In  translator  devices. 

Induction  Transducers 

Induction  transducers  are  based  on  the  phenomenon  of  electrical  induction, 
n  the  magnetic  flux  in  a  conductor  is  changed,  an  electromotive  force  (e),  is 
i.iduced,  the  magnitude  of  which  is  determined  by  the  following  formula: 

««&•!•»•  sis  s, 

where  6  is  the  magnetic  flux  in  oersteds,  i  Is  the  number  of  turns  of  the  induction 
coll,  v  Is  the  speed  of  the  magnet,  u  la  the  angle  between  directions  of  coil  turns 
and  magnetic  lines  of  force. 

There  are  two  types  of  induction  transducers t  .those  with  a  moving  magnetic 
field  and  those  with  a  varying  magnetic  flux. 

An  example  of  the  first  type  is  the  selsmocardiographic  transducer  that  is 
intended  for  Investigating  the  mechanical  efforts  of  cardiac  activity.  It  has 
a  moving  magnet  which  performs  the  role  of  e  seismic  mass  and  is  connected  to  the 
transducer  housing  by  a  steel  spring.  The  vibrations  of  the  body  which  are  caused 
by  cardiac  activity  produce  oscillations  ox  the  seismic  mass  (magnet)  and  sevesent 
of  the  magnetic  flux  relative  to  the  stationary  coil.  A  detailed  description  of 
various  types  of  seisao-tranBducers  is  given  in  Chapter  5. 


Fig.  12,  Samples  of  transducers  for 
klnetocardlogram  recording.  1  —  transducer 
with  rectangular  piezoelectric  element  and 
pellet)  2  —  transducer  with  pietocenueic 
disk;  5  —  electromagnetic  transducer. 
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For  recording  acoustical  phenomena  of  cardiac  activity  and  local  vibrations  or 
the  chest,  wall,  Induction  transducers  are  used  with  a  varying  magnetic  flux  which  arc 

constructively  similar  to  electromagnetic  telephones.  This 
type  of  transducer  (bio  Fig.  IS)  1»  a  email  Induction  coll 
I  \  A  I  placed  In  an  ebonite  case,  with  a  core  made  from  a  magnetic 

n  >C*i  alloy  and  a  diaphragm  that  influence*  the  amount  of  maanatlc 

f \a  j\  '  flux  in  the  coll.  Similar  transducers  were  u*ed  for  racordlng 

A  heart  tones  (phonocardiogram)  and  for  recording  vibrations 

V\/\|V>V  of  the  cheat  wall  (klnetccardiogram) .  The  frequency  response 

of  electromagnetic  transducers  is  in  the  range  of  cpe. 

Fig.  13.  Displace¬ 
ment  (A),  spaed  (B)  Therefore,  low-frequency  vibrations  are  recorded  in  the  form 
and  acceleration 

(B)  cu-ves  when  of  ,peed  CUPVes.  Rosa  and  Lulaada  [684]  conducted  special 

record  ng  vibre- 

i.I'jhb  >f  the  chest  r-sea’-ch  in  the  question  of  the  character  of  oscillograma  of 

wall  with  various 

transducers  (Rosa  and  carqiac  vibrations  obtained  by  transducers  with  variou* 

Luisada,  1959) • 

frequency  responses.  It  was  shown  that  the  electromagnetic 
transducers,  as  compared  to  the  capacitance  and  piezoelectric  transducer,  other  things 
icing  equal,  gives  a  speed  or  acceleration  curve  (Fig.  13).  The  apeed  character  01 
the  curve  is  determined  by  the  principle  of  action  of  the  induction  transducer  itself, 
since  the  electromotive  forcee  are  functions  of  the  magnetic  flux,  number  of  turns, 
and  time.  The  sensitivity  of  the  transducer  1b  higher,  the  greater  the  number  of 
turns  in  the  Induction  coils  and  the  higher  the  magnetic  properties  or  the  core. 
Electromagnetic  transducers  possess  good  linearity  within  the  operating  range  of 
•requencles  and  with  small  displacements  (to  100  microns). 

Other  Types  of  Transducers 

Among  the  numerous  methods  of  converting  nonelectrical  quantities  in  electrical 
ones,  we  shall  mention  thosa  which  have  obtained  rather  extensive  application  ir. 
various  medical  instruments  or  are  perspective  ir  the  sense  of  their  use  on  a  space- 


Hg.  13.  Displace¬ 
ment.  (A),  speed  (B) 
and  acceleration 
(B)  cu’-ves  when 
record  ng  vibre- 
t. lone  >f  the  chest 
wall  with  various 
transducers  (Rosa  at 
Luisada,  1959). 


photoelectric  transducers  are  usually  designed  on  the  basis  of  photoresistors 
(photocells  with  photoconductlve  effect).  A  change  in  the  intensity  of  light  which 
etrifcee  a  conducting  layer  cauasa  a  change  of  the  current  in  an  electrical  circuit. 
Sensitive  plethysmographlc  transducers,  transducers  for  recording  ballistocardiograms, 
internal  pressure,  and  respiration  were  developed,  oxyhemograph  transducers  also  are 

photoelectric . 

Capacitor  pickups  have  been  employed  in  generator  circuits,  where  they  are 


-65- 


resonant  circuit  elements.  Thsee  transducers,  Just  as  tbs  photoelectric  ones,  record 
■ovsents ,  bscsntly  Ys,  K.  Luk ' ysnov ,  I.  X.  Saaorukov,  and  others  developed  original 
and  very  sensitive  capacitor  pickups  for  invest lgat ions  of  pulse  and  respiration 
[163].  Capacitor  pickups  are  used  in  plethysmography.  The  principle  or  the  change 
in  circuit  capacitance  is  the  basis  of  the  dielectrocardlographlc  set hod . 

electrochemical  transducers  use  verious  electrochemical  reactions.  Xn  particular, 
electro-osmosis  transducers  based  on  the  u- effect  have  been  employed  the  appearance 
of  electrical  potentials  on  the  boundary  of  two  liquids  with  different  surface 
tension).  These  transducers  are  sensitive  to  accelerations. 

Mechanotron  transducers  are  miniature  electron  tubes  with  movable  anodes. 
Micro-displacements  of  the  anode  eeuae  changes  in  ths  anods  current.  The  paraastsrs 
of  the  electron  tube  are  thus  oontrollsd.  Treosducsrs  for  msasurlng  arterial  pressure 
pulse,  motor  activity,  and  other  physiological  parameters  were  designed  on  the  basis 
of  aeohanotrons , 


Electrodes 

A  significant  group  of  physiological  measurements  is  performed  strictly  speaking, 
without  transducers  —  the  Investigation  of  tha  electrical  processes  of  a  living 
organism. 

Surface  or  inserted  electrodes  are  employed  for  recording  biopotentials  In 
noses  physiology. 

Electrodes  are  unique  "transducers"  of  measurement  systems.  Bioelectric 
measurements  involve  the  necessity  of  providing  reliable  electrical  contact  of 
the  electrode  with  the  Investigated  living  tissue.  This  is  very  complicates  task 
since  it  is  not  a  question  c?  several  minutes,  as  under  laboratory  or  clinical 
conditions,  but  of  hours  and  days.  The  fact  is  that  a  change  in  the  "electrode- 
tissue"  transition  resistance  creates  distortions  and  interference,  and  frequently 
makes  investigation  impossible.  Of  large  value  is  the  correct  location  of  electrodes 
In  accordance  with  the  laws  of  distribution  of  an  electrical  field  in  the  volume  of 
a  conducting  substance,  i.e.,  tissue.  It  is  assumed  that  the  medium  surrounding 
the  source  of  electrical  potentials  is  uniform  in  an  ideal  case.  The  magnitude  of 
the  potential  of  fixed  points  on  the  body  surface  is  inversely  proportional  to  the 
square  of  the  distance  from  ths  investigated  organ  or  tissue  and  depends  on  the 
location  of  ths  electrodes.  Under  actual  conditions,  electrical  nonuniformity  of 
body  tissue  disturbs  theoretical  calculations  and  requires  appropriate  experimental 
investigations.  In  practical  electrophyolologlcal  measurements,  the  biopotentials 


are  tapped  with  the  aid  <>f  two  electrodes  which  can  be  arranged  In  monopolar  or 
bipolar  fashion.  The  monopolar  electrode  position  signifies  that  one  electrode  Is 
In  the  section  of  the  body  where  the  Invent Ignit'd  potential  is  extremely  small  or 
approaches  zero.  The  second  electron,  .  which  is  then  located  near  the  biopotential 
ton roe  with  respect  to  the  "zero"  electrode,  measures  the  "true"  value  of  the 
biopotential  at  a  given  point.  In  the  biopolar  arrangement,  both  electrode#  are 
aiove  the  organ  or  tissue  which  possesses  bioelectric  activity.  The  absolute  value 
of  the  blopotentlala  la  not  measured  here,  but  the  difference  value.  In  the  case 
of  bipolar  leads.  It  Is  necessary  to  use  a  third  "zero"  electrode,  which  ensures  the 
operation  of  the  noise-suppression  system  In  the  amplifier  (see  below). 

When  recording  biopotentials,  special  attention  must  be  given  to  the  inter- 
cleivode  resistance,  selection  of  points  for  locating  the  electrodes,  their  fixation 
and  ,oise  elimination.  For  electrode  which  are  Inserted  Into  animal  tissue,  it  ie 
extremely  essential  to  select  an  appropriate  material  which  would  not  cause  a 
biological  response  from  tha  surrounding  tissues  and  would  not  traumatize  them.  The 
amplitude  of  the  biopotentials  varies  frc-i  several  microvolts  (brain  potentials)  to 
several  millivolts  (galvanic  skin  potentials))  the  frequency  range  of  bioelectric 
phenomena  lies  from  sero  to  a  thousand  cycles  per  second.  Thus,  when  recording 
biopotentials,  the  researcher  must  solve  a  large  number  of  diverse  questions  of  both 
a  medical  and  an  engineering  nature. 

The  Important  role  of  electrodes  In  space  research  Is  stipulated  by  the  fact 
that  the  most  popular  and  universal  method  for  medical  monitoring  and  Investigations 
is  electrocardiography.  In  spite  of  Its  substantial  age  (over  50  years  old),  this 
method  essentially  had  to  be  specially  modernized  for  application  In  space  research. 

A  significant  portion  of  this  work  consisted  in  research  on  seeking  methods  of 
reliable  and  long-term  tapping  of  biopotentials. 

On-Board  Radi oelectronlc  Physiological 
Equipment 

An  Important  element  of  the  physiological  measurement  system  on  a  spaceship  is 
the  on-board  radioelectronic  equipment.  Its  role  consists  in  converting  signals  from 
transducers  and  electrodes  into  a  form  suitable  for  introduction  into  the  telemetering 
device.  In  the  process  of  Information  conversion,  the  Information  Is  amplified,,  Its 
spectrum  is  limited,  and  It  Is  integrated  or  differentiated.  The  on-board  equipment 
provides  the  final  coordination  of  the  capacity  of  the  information  source  with  the 
carrying  capacity  of  the  radio  ohannel.  The  equipment  for  recording  physiological 
information  that  Is  placed  on  board  a  spaceship  has  a  number  of  essential  distinctions 
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to  compared  to  ground  instruments.  These  distinctions  art  related,  on  the  one  hand, 
to  weight  and  else  limitations,  and  the  expenditure  or  electric  power,  and  on  the 
other  hand,  to  the  specific  operating  conditlona  of  the  equipment  [159,  367*  4?8, 

386,  665,  6*9,  738,  800].  As  a  rule,  to  provide  for  each  new  aarlea  of  flight 
•xperlaenta,  new  type*  of  on-board  equipment  are  developed  which  correspond  to  the 
Opeclflc  taaka  of  the  experiment  and  the  desist  of  the  spacecraft.  The  formulation 
of  the  medical- technical  specifications  (NTT)  for  this  equipment  la  the  first  stage 
of  its  development  and  la  carried  out  Jointly  by  anglnaera  and  phyalologlata.  The 
MTT  wuet  conaldert  a)  the  program  of  future  experimentation:  b)  the  possibility  of 
recording  one  parameter  or  another  under  flight  conditions)  c)  the  possibility  of 
transmitting  the  measured  parameters  to  the  ground)  d)  design  limitations  (weight, 
dimensions ,  power  consumption})  a)  the  operating  conditions  of  the  equipment. 

It  la  natural  that  when  the  MTT  ere  set  up  the  level  of  development  of  medical 
electronics  la  taken  into  account  In  order  to  uas  all  the  latest  achievements  in  this 
field  to  the  fulleet  extent. 

Samples  of  on-board  equipment  are  developed  in  reference  to  specific  flight 
experiments  and  specific  spacecraft.  Therefore,  the  equipment'!  makeup  is  determined 
by  the  program  of  futures  biomedical  research. 

In  one  aeries  of  flight  experiments,  if  necessary,  according  to  the  results  of 
the  preceding  flight,  the  telemetry  program  of  tha  naxt  flight  can  be  modified. 

'W'ver,  In  view  of  the  spacecraft  equipment  of  the  given  aeries,  the  apparatus  can 
•  •>  made  of  the  same  type  only  by  modifying  the  transducers  and  electrodes  In 
reference  to  the  already  existing  amplifying  and  measuring  channels.  There  1b 
experience  in  this  type  of  telemetry  program  correction.  Thua,  for  instance,  in  the 
flight  of  the  third  Soviet  satellite  ship  with  the  doga  Pchelka  and  Muahka,  one  of 
the  EKG  channels  was  used  for  recording  mechanical  activity  of  the  heart  with  the 
aid  or  a  seiamotraneducer,  while  the  electromyographic  channel  was  used  for  phonocar¬ 
diography. 

In  the  flight  of  the  "Voatok-3"  and  the  "Vostok-4,"  preamplif iere  which  operated 
Jointly  with  the  EKQ  channels  ware  used  for  electrooculogram  and  electroencephalogram 
recording. 

Since  the  information  source  muat  be  coordinated  with  the  amplifying  and  measuring 
channels  of  the  on-board  equipment  by  meena  of  transducers  and  electrodes,  the  latter 
also  must  bs  coordinated  with  the  parameters  of  the  telemetering  system.  If  the 
resolving  power  of  the  telemetry  provides  for  the  transmission  of  a  frequency  band 
from  0  to  50  cps,  it  is  senseless  to  design  amplifiers  with  a  frequency  band  to 
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500  cp»,  e.g,,  for  electromyography. 

If  the  radio  system  permits  the  t.rannmisBlon  of  1  signal  per  aecend,  for 
Instance,  none  of  the  physiological  parameter!  such  as  the  electrocardiogram, 
pneumogram,  or  electroencephalogram  can  be  transmitted  without  special  treatment. 
Thus,  when  setting  up  the  medical-technical  specifications  Tor  the  on-board  physiolo¬ 
gical  equipment,  the  characteristics  of  the  input  information  and  the  telemetrlc 
devices  must  be  taken  Into  account. 

Frequently,  however,  for  the  purpose  of  more  economic  use  of  the  telemetry 
lines,  engineers  and  physiologists  agrss  on  compromised  solutions  when  the  amplifying 
and  measuring  channel  Is  deslgnsd  In  such  a  way  aa  to  transmit  a  specific  portion  of 
physiological  Information  to  Earth,  For  Instance,  on  the  third  Soviet  satellite 
ship,  ~.he  electromyogram  was  rscorded  by  mssns  of  an  ampllflar  with  a  detector  at 
its  output,  which  ensured  the  transmission  of  data  only  on  the  amplitude  of  muacle 
blocurrenta,  which  means  that  it  permitted  the  use  of  a  telemetry  channel  with  a 
capacity  10  times  less  than  that  required  for  transmitting  a  natural  eltctromyogr&m. 
or  course,  the  Information  on  the  frequency  spectrum  of  the  blopotentlala  was  lost 
in  the  detector  curve.  Hoeaver,  the  amplitude  characteristics  of  ths  electromyogram 
obtained  under  conditions  of  Q-loads  end  wetghtleaeneas  were  of  much  interest  to  the 
physiologists. 

Of  importance  is  the  ampllfcatlon  factor  of  the  channel.  The  information  that 
proceeds  from  the  transducers  and  electrodes  has  a  variable  Intensity  (with  respect 
to  voltage  —  from  one  microvolt  to  ten  millivolts).  For  introduction  into  the 
telemetric  system,  signals  ars  necessary  which  vary  in  magnitude  in  the  standard 
range,  for  Instance  from  0  to  5  v  [662],  Therefore  the  amplifying  and  measuring 
channels  must  possess  different  amplification  factors  depending  upon  the  voltages 
produced  by  the  transducers. 

We  ehould  point  out  one  of  the  neat  Important  features  of  amplifiers  which  are 
intended  for  recording  biopotentials,  l.e.,  the  necessity  of  measures  for  noise 
suppression.  The  object  of  investigation  always  is  in  some  sort  of  an  electrical 
field  which  la  caused  by  the  operation  of  various  electrical  instruments  end  the 
electromagnetic  radiation  of  the  wiring  in  tne  a-c  network,  A  nolee  voltage  la 
formed  at  the  Input  terminals  of  the  amplifier  due  to  the  capacitive  coupling  with 
the  external  aourca  of  electric  power.  Under  laboratory  conditions,  the  application 
of  shielded  chambera  can  complately  exclude  noise.  In  flight,  if  a  man  or  animal 
Is  placed  in  a  cabin  which  is  a  shielded  chamber  and  there  are  no  sources  of  inter¬ 
ference  auch  as  an  a-c  network,  conventional  amplifier  circuit e  can  be  used  without 


Shielding.  Thu*,  during  flight  experiments  with  animals,  th«  so-called  etymastrte 
amplifier  circuit* ,  which  h*v*  an  identical  amplification  factor  both  for  th*  useful 
signal  and  al*o  for  cophasal  interference,  were  successfully  used.  However,  in  the 
preparation  for  a  Banned  space  flight,  the  application  of  similar  amplifiers  turned 
out  to  be  impossible  since  the  aetronaut  was  not  shisldsd  froa  sourcss  of  electro- 
aagnatic  radiation  of  th*  craft's  equipment,  and  also  bseguas  on  all  stags*  of  checking 
and  eoeiplet*  testing  of  the  on-board  equipment,  which  ara  conducted  under  plant 
conditions  or  at  the  launch  sits,  h*  is  in  the  sphsrw  of  action  of  strong  electrical 
interference#. 

All  this  leads  to  the  neceesity  of  developing  amplifiers  which  are  not  sensitive 
to  nolaa  signals,  especially  those  related  to  an  a-c  network.  Similar  amplifiers 
are  the  so-called  differential  amplifiers.  Their  main  property  la  that  amplification 
of  th*  signal  that  goes  to  both  input  wires  in  one  phase  (cophasal)  is  relatively 
small  with  respect  to  the  grounded  point.  The  useful  signal  from  the  electrodes  is 
inserted  between  the  tube  gride  (or  trlode  bases)  and  is  amplified  many  timea 
stronger  than  the  nolae  signal.  The  relationship  between  the  magnitudes  of  amplifi¬ 
cation  of  the  useful  signal  and  the  nolee  signal  la  called  the  dlecrlmlnetlon  factor 
end  serves  ea  e  criterion  of  amplifier  quality  in  the  sense  of  lta  noise  immunity. 

Th*  smaller  the  magnitude  of  the  useful  signal,  the  higher  the  discrimination  factor 
the  amplifier  must  have.  Amplifiers  that  are  placed  on  spacecraft  must  have  th* 
flowing  discrimination  ractora:  1:500  for  heat  biopotential  amplification  and 
1:5000  for  brain  biopotential  amplification. 

The  amplifying  and  measuring  channel,  besides  the  corresponding  characteristics 
with  respect  to  amplification,  frequency  range,  and  discrimination  factor,  should 
ensure  a  specific  accuracy  of  measurements.  By  accuracy  of  measurements  we  mean  the 
highest  permissible  magnitude  of  the  basic  error  expressed  lr.  percents  of  the  upper 
limit  of  the  measurements.  Nonstanderd  operating  conditions  of  the  equipment 
(electrical  interferences,  changes  in  temperature  and  humidity,  changes  in  supply 
voltages}  may  cause  additional  errors.  Thus,  when  recording  an  EKG  under  conditions 
of  the  influence  of  strong  electrical  interferences.  It  is  difficult  to  accurately 
measure  the  amplitude  of  its  individual  waves.  Systems  for  measuring  temperature 
or  resistances  charge  their  accuracy  under  various  influences,  such  as  a  considerable 
increase  In  humidity  or  temperature. 

For  quantitative  measurement  or  physiological  lrxonnation,  a  control  (standard) 
signal  is  sent  to  the  input  of  the  amplifying  and  measuring  channel.  It  is  usually 
a  square  pulse  with  a  definite,  strictly  specified  value.  A  100-microvolt  control 
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■  ifnal  is  •■ploysd  to  osiibrmt*  th*  •ldetroanc^phaXogMphtc  and  elect rooyogrmphic 
channala ,  and  a  1 -millivolt  atonal  for  tha  SCO  channala.  In  tha  on-board  physlologi 
C«1  fiqutpaant  on  tha  sacond  and  third  flovlat  aatallita  ahlpa  tha  control  alcnala 
ware  alnuaoldal  voltaoaa  of  15  cpa-1  mv  for  the  EKO  bhannel  and  400  cpa-100  pv  for 
tha  electromyographic  channel. 

A  distinctive  feature  of  tha  on-board  physiological  aqulpment  la  automatic 
control  from  a  program  devlea  or  by  signals  a ant  fro*  tarth  through  a  coaaaand  radio 
link  (KPJH  [CRLJ.  Connection  and  dlaconnectlon  or  tha  aquipmant  la  atrlctly 
oynchronlrad  with  the  beginning  and  end  of  tha  period  of  telenetrlc  communication, 
Thle  ensures  an  sconce  leal  power  consumption  by  tha  supply  aouroaa.  The  reliability 
of  the  amplifying  channels  la  lneraaaad  by  supplying  than  fron  aaparata  voJtaga 
con  ertera.  Theae  oonvartara  anaura  tha  obtalmant  of  varloua  voltage#  from  the 
o:;-board  aource  and  atabllla#  than.  In  tha  ayant  of  a  breakdown  of  on#  of  tha 
converter#,  the  regaining  ohannala  retain  thalr  afficlancy. 

The  on-board  equipment  In  tha  flrat  Soviet  space  experiments  was  designed  with 
the  use  of  miniature  bantam  tubas.  Tha  "Voatok"  and  "Voehhod"  crafta  employad 
equipment  which  wae  completely  transistorised.  Soma  brief  lnfomatlon  la  given 
below  on  the  on-board  radloelectronlo  physiological  equipment,  applied  In  8ovlet  and 
American  apaca  axparlmanta. 


Second  Soviet  Artificial  Earth  Satellite 
The  biological  experiment  on  the  second  Soviet  artificial  earth  satellite  wae 
an  extremely  important  stags  In  the  development  of  space  medicine  and  biology.  To 

record  the  physiological  functions  of 


Fig.  14.  Block  diagram  of  ©n-board  phyalo- 
logieai  equipment  of  2nd  artificial  earth 
satellite.  V  -  empllflerat  KB  -  twitching 
block) W  -  control  panel)  W1  -  power  supply; 
AJpl  —  automatic  pressure  control  In  cuff. 


tha  dog  Lallta,  a  special  set  of 
medical  aqulpment  was  designed  which 
provided 'for  electrocardiogram, 
pneumogram,  arterial  pressure,  and 
motion  recording  [56]. 

The  equipment  Included  pickups, 
two  amplifiers,  a  switching  block,  an 
automatic  pleasure  control  device, 
and  a  program  devlea  (Fig.  14).  One 
of  the  aapllflera  was  uaad  to  record 
heart  biopotentials  and  second  was 


for  recording  oscillations  of  Ifee  carotid  walla  of  the  animal.  The  preaeure  in  a 


raff  which  mu  placed  trouM  an  artery  waa  errated  with  the  aid  of  the  automatic 
pressure  control  device.  9m  oscillations  i»  the  cuff  war*  recorded  with  tha  aid  of 
*  plaaoalaetrlc  pickup.  The  nor— ant  pickup  waa  of  the  potentiometer  type  and  the 
reap lint Ion  pickup  waa  of  the  iheoatat  type. 

The  aqulpnent  alao  provided  for  the  record in*  of  air  preaaure  and  temperature 

Jn  tha  aablm. 

The  progrra  devloe  periodically  tuned  9m  equipment  on  end  off  In  accordance 
with  the  period*  of  telmeetric  eowamleatlocv. 


Tha  aaeond  and  third  Soviet  orbital  spacecraft  are  frequently  called  "flying 
epace  laboratories."  Indeed,  with  respect  te  the  volume  of  physiological  Informa¬ 
tion  obtained  In  theee  flights,  they  are  unexcelled 


Fig.  15.  Block  dlagrem  of 
ohyelologlcal  measurement 
rye ten  on  second  and  third 
Soviet  orbital  spacecraft. 

'iKl  -  animal  capsule)  A  (1, 

=  pieteips; 

pressure  control)  7B  (i,  8. 

3)  —  amplifying  and  switching 
blocks)  4  —  square-pulse 
shaper)  PTC  -  telemetry  oystem) 
I1PA  -  transmitters)  3r  -  memory 
unit,  around  equipment)  0  — 
oscllloscopet  C  —  automatic 
recorder. 


•Maples  of  scientific  experimentation  in  epace. 

An  important  role  waa  played  by  the  on-board 
radioelec trenic  medical  equipment.  In  the  accor¬ 
dance  with  program  of  Investigations,  studies  were 
performed  on  the  eardlc-vaecular  system,  respira¬ 
tion,  heat  control,  and  the  neuro-musculer  apparatus 
of  tha  animals.  A  block  diagram  of  the  on-board 
medical  equipment  used  In  theee  experiments  la 
represented  In  Fig.  15,  end  Its  external  view  Is 
shown  in  Fig.  16.  The  equipment  Is  in  the  form  of 
three  blocks.  The  total  number  of  measuring 
channels  is  equal  to  15,  including  one  channel  for 
measuring  20  slowly  changing  parameters  (physiolo¬ 
gical  and  lMsanlri  characteristics  and  operating 
conditions  of  equipment). 


The  two  measuring  channels  were  designed  for  BCQ  recording.  Since  the  investi¬ 
gations  were  conducted  on  animals  located  In  a  capsule,  the  noise  level  was 
insignificant  art'-  it  wae  poaslble  to  use  asymeetrlc  amplifier  circuits.  The  input 
impedance  of  the  cmpllfler  wag  80-50  kfi.  The  amplifier  factor  was  2000 -JOOO.  The 
frequency- response  curve  wae  rectilinear  in  a  range  or  frequencies  from  0,5  to 
100  cpe.  The  amplifier  circuit  had  a  50  opt  bandpass  filter.  One  of  the  EKO 
crallflers  wee  connected  to  a  special  elactronle  circuit  which  separated  the 
n.Mgvsa  of  the  hcg  curve >  converted  than  into  square  pulses  of  about  100  milliseconds 
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In  duration,  and  performed  audio- frequency  modulation. 
Thia  circuit  was  Intended  for  controlling  the  opera¬ 
tion  of  the  on-board  transmitter  for  the  purpose  of 
checking  the  possibility  of  audio  monitoring  of  the 
pulse  frequency.  Similar  devices  Mere  subsequently 
employed  on  the  "Vostok"  spacecraft  ( elect rocardio- 
phone) . 

Measurement  of  arterial  pressure  was  accomplished 
with  the  aid  of  an  automatic  device  which  provided 
cyclical  compreseion  of  the  carotid.  Cuff  preaaure  increased  smoothly  from  O  to 
250  mm  Hg  for  30  seconds,  and  then  there  occurred  a  rapid  drop  in  pressure.  The 
pr saure  level  was  recorded  by  means  of  a  mlcromanometer  with  conversion  of  the 
diaphragm  position  into  voltage. 

Oec illations  in  the  pneumo-system,  which  were  caused  by  pulse  oscillations  of 
the  vascular  wall,  were  converted  into  an  elactrlcal  signal  by  a  piezotransducer 
and  amplified  with  the  aid  of  an  EKG  amplifier.  A  similar  amplifier  was  used  to 
record  the  signals  of  the  aelamocardlographic  transducer. 

Identical  amplifiers  with  a  frequency  response  of  50-500  cps  and  an  amplifica¬ 
tion  factor  of  about  30,000  are  used  to  record  elec t romyograms  and  phonocardiograma . 
Inasmuch  sb  both  processes  are  relatively  high-fi'squency,  for  the  purpose  of  decreas¬ 
ing  the  capacity  of  the  telemetering  channel  required  for  their  transmission,  are 
a  detector  and  an  Integrator  are  connected  to  the  input  of  the  amplifiers  (see  Fig, 
31). 

A  dc  amplifier  was  used  to  measure  temperature,  to  which  thermistors  in  various 
parts  of  the  body  were  alternately  connected  [8], 

The  Soviet  "vostok"  Spacecraft 

The  first  manned  space  flights,  which  were  aside  in  the  "Vostok'1  spacecraft, 
made  it  possible  to  obtain  a  great  deal  of  scientific  date  on  the  Influence  of  various 
factors  of  flight  on  the  human  organism.  Special  completely  transistorized  radio- 
electronic  medical  equipment  was  installed  to  provide  for  reliable  medical  monitoring 
of  the  state  of  man  and  for  solving  research  problems  on  board  the  "Vostoks."  This 
equipment  was  modified  from  flight  to  flight  by  means  of  ths  addition  of  new  blocks 
in  accordance  with  changes  in  the  flight  program.  The  first  equipment  teats  were 
conducted  during  the  flights  of  the  fourth  and  fifth  Soviet  orbital  spacecraft 
111,  193]. 


Fig.  16.  External  view  of 
on-board  physiological  equip¬ 
ment  of  second  and  third 
Soviet  orbital  spacecraft. 
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The  equipment  consisted  of  unit*  which  wore  placed  in  the  cabin  end  in  the 
atronaut'a  clothing.  The  cabin  contained i  the  primary  a^lifylng  block,  an 


•iwctroearsloBnwfWf  and  an  Instruaeat  for  recording  galvanic  skin  reactions.  The 
astronaut 'a  clothing  contained  preamplifiers  for  recording  kinetocardiograms, 
alec tro ana aphalograma ,  and  elactrooeulagrams.  Flckupe  and  electrodes  were  fixed  by 
Mans  of  a  cheat  harness.  *  block  diagram  of  the  Mrslolsgleal  measurement  system 
used  In  the  emparlment  on  the  "Voi  tok->"  is  lap ras  mated  in  rig.  17.  Table  5  presents 
data  on  the  methods  of  physiological  measurement  on  the  •vostok"  and  "voskhod" 
oraft. 


Fig.  17.  Block  diagram  of  physiological  measurement 
system  of  "VoBtok-J.”  J  —  aapllflsrs  of  primary  block; 

»0r  and  88r  -  preamplifiers  for  recording  electrooculo- 
grams  and  electroencephalograms;  8fw  —  electrocardio- 
phone;  AP—  self-contained  recorder;  KIV  —  block  for 
recording  galvanic  skin  reactions)  rTC—  telemetry  system; 

HP—  on-Doerd  recorder;  0—  "Signal"  transmitter;  P  — 
recording  device. 


The  primary  amplifying  block  consists  of  three  electrocardiographic  amplifiers 
and  one  pneumographlc  amplifier.  The  characteristic!  of  the  amplifiers  for  recording 
electrocardiograms  1  amplification  factor  about  200;  frequency  response  0.5-40, 

The  amplifier  is  symmetrical,  which  determines  good  noise  Immunity.  Temperature 
compensation  is  ensured  by  the  installation  of  a  KHT  compensating  resistor  in  each 
oaacade.  The  pnevssographlc  amplifier  has  an  simplification  factor  of  20  and  a 
frequency  band  of  0,1-15  cps.  Its  schematic  diagram  is  represented  in  Fig.  26. 
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tnufllfitn  which  operated  Jointly  with  the  EKO  channels  were  used  for  electro¬ 
encephalogram  and  elec  tro oculogram  recording.  The  preamplifiers  provided  20-50  fold 
MBllfleatlon  of  •  lanals  In  a  frequency  band  of  3-15  cpe.  The  preampllf lere  for 
the  "Voatok-3M  and  the  "Voetok-4**  were  a  syasetrlcal  with  a  self-contained  power 
•apply  (1,  5,  v).  Both  preamplifiers  were  placed  in  the  aetronaut'e  clothing;  their 
alee  wae  Juat  a  little  larger  than  a  natch  ban.  The  amplifier!  employed  in  the 
"Voetok-5"  aiid  "Voetok-6"  fllghte  were  aynnetrloal. 

In  the  flight  of  o.  S,  Titov,  an  EXO  amplifier  together  with  a  miniature 
preaa^illfiar  block  the  else  of  a  natch  box  wae  used  for  klnetocardiogram  recording. 
Thla  block  wae  placed  In  a  pocket  of  the  preeeure  ault  and  provided  amplification 
of  the  electromagnetic  pickup  signal  fron  10-  20  uv  to  1-2  pv  [8], 

The  instrument  for  recording  the  galvanic  akin  reactions  of  A.  0.  Nikolayev  and 
P.  R  Popovich  consisted  of  a  d-c  measuring  bridge  with  a  self-contained  power  oupply, 
a  balanced  modulator,  a  carrier-frequency  generator  (6  kc),  an  amplifier,  and  a 
demodulator.  This  setup  recorded  mainly  alow  (dally)  changes  In  electrical  resistance 
of  the  akin.  In  the  flight  of  V.  F.  Bykovskiy  and  V.  V.  Tereshkova,  an  Instrument 
of  a  different  e  instruction  was  used,  which  was  designed  to  record  mainly  fast 
(reactive)  oscillations  of  electrical  resistance  of  the  skin.  The  design  of  a  similar 
instrument  was  initially  developed  by  I.  r.  Akulinichev. 

Continuous  monitoring  of  pulse  frequency  during  the  flight  of  the  astronauts 
>n  the  "Vostoks"  was  carried  out  with  the  aid  of  an 'elect rocardlophone  (3K&)  [EKP], 
which  la  a  device  that  converts  electrocardiogram  waves  into  Bquare  pulses  150  msec 
In  duration. 

The  electrocardlophone  includes:  an  amplifier,  a  limiter-shaper,  a  slave 
multivibrator,  and  an  audio-frequency  oscillator.  The  amplifier  consists  of  two 
■mdn  parts:  a  differential  biopotential  amplifier  and  a  shaping  circuit.  The 
differential  amplifier  is  constructed  ilka  the  input  stages  of  an  electrocardiogram 


amplifier,  but  has  a  frequency  band  of  10-20  cps.  In  the  shaping  part  of  the  system, 
the  wave  la  differentiated  by  a  rheostat-capacitance  circuit,  amplified,  and  limited 
by  a  diode  limiter.  The  obtained  pulse  triggers  the  slave  multivibrator  which 
generates  time-  and  amplitude-calibrated  pulses.  This  system  of  amplifying  the 
pulse  of  an  R  wave  and  the  selection  of  the  place  of  installation  of  the  electrodes 
at  which  the  muscular  potentials  rendered  a  minimum  influence  on  the  magnitude  of 
the  input  signal  makes  it  possible  to  obtain  reliable  inforaation  on  pulse  frequency 
even  during  sharp  motions  of  the  investigated  subject. 
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govlet  Multlaeat  "Vnskhod"  gggcffljtft 

The  "Voskhod"  Spacecraft  wee  the  first  multiseat  rocket-powered  flight  vehicle. 
Its  launching  on  12  October  iQ^t  was  a  veritable  triumph  of  Soviet  science  and 
technology  and  opened  an  new  era  in  the  conqueat  of  outer  apace.  This  atep  waa  very 
important  froa  all.  points  of  view  since  only  the  daily  collective  work  in  apace  of 
many  people  and  many  apace  expeditions  will  allow  aan  to  'become  the  true  aaater  of 
the  moon,  the  planets,  and  outer  apace.  The  creation  of  a  craw  with  the  participa¬ 
tion  of  a  physician  will  allow  to  use  l  new  principle  for  collecting  bloewdlcal 
information  which  la  baaad  on  tha  aaparatlon  of  questions  of  medical  monitoring  and 
medical  Investigations  (this  will  be  discussed  In  detail  In  the  following  chapter). 

A  physiological  measurement  system  was  correspondingly  built  on  the  "Voekhod . "  The 
radi o  ‘lectronic  medical  equipment  conalata  of  two  blocks,  ona  of  which  waa  designed 
for  continuous  medical  monitoring  of  all  three  astronauts  simultaneously  and  the 
other  was  turned  on  periodically  when  carrying  out  medical  investigations.  The 
medical  monitoring  block  consisted  of  six  amplifiers,  three  of  which  wars  designed  to 
record  electrocardiograms,  while  the  other  three  made  it  possible  to  record  seleiMs- 
grama  and  pneumogramB  on  ona  channel.  In  addition,  tha  aarne  block  contained  a 
pneumoelec trocardiophone  with  a  commutator.  This  new  system  wee  constructed  on 
the  basis  of  the  experience  of  using  the  elec trocardiophone  on  the  "Vostoks."  The 
pneumoelectrocardlophone  baa  control  of  the  duration  of  the  pulses  shaped  by  It 
from  heart  biopotentials  with  the  aid  of  a  contact  respiration  censor.  On  inhala¬ 
tion,  the  pulse  width  le  150-200  m/uve,  and  on  exhalation  It  is  70-100  m/aec . 

This  ensures  operational  monitoring  of  both  pulse  rate  and  respiratory  rate. 
Transmission  is  accomplished  through  the  on-board  "Signal"  system.  A  special  commu¬ 
tator  connected  one  of  the  astronauts  to  the  pneumocardiophone  and  sent  a  corre- 
spending  marker  signal  avery  two  minutes. 

Information  was  c oiioc ted  by  meana  of  a  chuei  hamass  with  electrodes  (SS  lead) 
built  into  it,  a  aeiamocardiographic  sensor,  and  two  raspiratlon  asnsora  (carbon 
and  contact). 

The  research  system  was  designed  for  consecutive  recording  (through  one  tele¬ 
metering  channel)  of  electroencephalograms,  elaetrooculogrmsa,  dynamegreas,  and 
hand-written  signals  (objective  recording  of  writing).  Tha  sensors  and  alectrodes 
were  attached  by  the  physician  only  during  the  period  of  investigation  were  conducted 
in  several  revolution  at  different  flight  times. 


■77- 


Harriett!  Biomedical  Kxa^ijgEts  on  "Jtelttr11 


:?*unaaa 


In  1958-1959  American  scientists  carried  out  two  flight  experiments  on  "Jupiter" 
ballistic  rockets  [eoi,  523]  • 


Six  telemetering  channels  were  usee  to  transmit  physiological  data  to  Earth. 

An  electrocardiogram,  a  ptearoc  ft'"d  1  ograrj,  ae4  two  sfactyrmyogram s  ears  transaittsd 
through  Independent  channels.  The  remaining  parameters  -  bod/  temperature  and 
respirator/  rata,  tumidity,  pressure,  air  te^erature,  and  carbon  dioxide  content  - 
eere  transmitted  through  a  ooassutator.  The  amplifying  equipment  was  transistorised 
and  had  a  printed  circuit. 

Amplifiers  for  electrocardiogram  recording  had  an  amplification  factor  from 
1000  to  5000  with  an  input  impedance  of  up  to  100,000  ohms.  Frequency  response  was 
rectilinear  in  a  range  from  1  to  750  opa. 

monocardiogram  recording  Mae  carried  out  with  the  aid  of  an  amplifier  with  a 
frequency  band  of  20-2000  epe  and  an  amplification  factor  of  1500.  A  microphone 
with  20,000  ohm  resistance  provided  a  signal  of  the  order  of  5-10  mv  at  the  amplifier 
input . 

Each  of  the  two  amplifiers  of  muscle  biopotentials  had  an  Input  Impedance  of 
about  100,000  ohms,  a  frequency-response  curve  of  10-2000  epa,  and  an  asipllflcatlon 
factor  of  joo. 

Thermistors  which  were  connected  to  the  circuit  of  the  stabilised  supply  source 
ere  used  to  rocord  the  respiratory  rate  and  body  temperature.  They  provided  an 
output  signal  of  the  order  of  0-5  v  without  special  amplifiers. 


American  Research  In  the  "Mercury"  Program 
The  first  tei  r<  of  the  physiological  equipment  of  a  "Mercury"  capsule  were 
conducted  during  th'1  'light  of  the  chlapmnaee  Ham. on  21  January  1961  [788].  The 
equipment  was  subsequently  improved  by  means  or  the  gradual  addition  or  icplaCewcnt 
of  sensors  and  blocks.  The  equipment  initially  consisted  of  two  electrocardiographic 
amplifiers  and  circui  for  measuring  body  temperature  and  recording  respiration  by 

thermistor  pickups. 

Stainless-steel  disk- shaped  electrodes  with  a  JO-am  diameter  were  used  for 
electrocardiogram  recording.  The  electrodes  wert  built  Into  s  rubber  ring  which  was 
secured  to  the  body  by  means  of  a  patch.  Respiration  mss  measured!  by  means  of  a 
thermistor  that  was  heated  to  a  temperature  of  93.3°C  and  placed  in  one  of  the 
microphones .  For  temperature  measurements,  a  3-ims  catheter  was  constructed  which 


contained  a  thermistor  connected  to  a  bridge  (frequency  tQO  cps ) .  In  0.  Cooper's 
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flight,  body  temperature  was  measured  by  a  sensor  which  was  periodically  placed  In 
the  nouth,  Instead  of  a  rectal  theralator  1708].  In  J.  Olenn'a  flrat  orbital  flight 
a  B.y6tem  for  measuring  arterial  pressure  according  to  the  Korotkoff  method  was 
employed.  In  thla  case,  however,  the  astronaut  had  to  compress  the  cuff  himself 
[780].  Measurement  of  arterial  pressure  was  fully  automated  In  Carpenter's  flight. 

The  cuff  for  Its  measurement  was  placed  on  hla  left  ana.  A  microphone  was  built 
into  the  lower  part  of  the  cuff.  The  microphone  was  pleaoelectrlc  with  a  diameter 
of  3,5  cm  and  a  thickness  of  0.5  cm.  An  amplifier  with  a  frequency  band  of  J2-40 
cpe  was  employed  to  decrease  Interference  and  noise  [445].  The  amplifier  was  cut  off 
in  the  absence  of  a  signal.  Beginning  with  W.  Schlrra'a  flight,  the  method  of 
impedance  pettuMography  was  used  to  record  respiration  [7S®]« 

The  medical  equipment  for  the  "Mercury"  capsule  wee  developed  by  the  McDonnell 
Corporation  [788].  The  equipment  was  completely  transistorised  with  the  use  of 
printed  circuits. 

On-Board  Systems  for  Data  Transmission  and  Recording 
The  transmission  of  data  a  spacecraft  to  Earth  1s  carried  out  with  the  aid  of 
various  types  of  radio  ayatema.  Of  prime  value  in  apace  physiology  are  radloteiemetry 
devices;  however.  In  the  overall  composition  of  the  devices  In  a  physiological 
measurement  and  information  ayatem  a  definite  role  la  also  played  by  other  systems 
of  data  transmission  and  recordings  communications  equipment,  television  equipment, 
and  memory  unite.  A  consideration  of  a  contemporary  physiological  maaauremcnt  systwa 
on  a  spacecraft  is  Impossible  without  invest testing  the  role  of  each  of  these 
By  6  terns. 

On-Board  Badlo  Tala-try  Syttsm 

The  telemetering  device  converts  the  output  signals  of  the  on-board  physiological 
equipment  Into  radio  signals  of  a  specific  form.  Ths  asms  transmitter  of  the  space¬ 
craft  simultaneously  transmits  a  large  number  of  technical  and  biological  parameters. 
To  create  a  c«s*>lax  telemetering  signal  which  earrlea  information  on  a  large  number 
of  parameters,  the  on-board  system  has  a  modulator  or  encoder,  and  the  ground  system 

hao  a  demodulator  decoder.  According  to  the  methods  of  channel  separation,  multi- 

1 

channel  telemetering  systems  gr*  divided  into  systems  with  frequency  seperation,  by 
time  separation,  and  code  eepgration  [4j]. 

The  method  of  frequency  modulation  consists  In  the  fact  that  tha  aubcarrler 
frequency  for  each  parameter  Is  separated,  which  varies  in  accordance  with  the 
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of  tit*  measured  praMtvr.  The  mmtfcoda  of  time.  modulation  can  be  baaed 
an  the  transmission  of  pula*  thrnn^i  a  radio  channel*  i)  the  duration  of  the  puleee 
*y«4«  an  «ha  —nail tnlt  of  the  Matured  parameter  at  apaciflc  moments  of  time  (pulae- 
width  modulation  -  (VM)  (HIM));  2)  the  time  between  puleee  (pedestal  ana  measuring 
puleee)  la  a  function  of  the  measured  —attitude  (pulse-time  modulation  -  (EMM) 
tKM]).  Zb  tadi  aefe&atieoi  a  fa  rat  o  mmlmas  ef  the  mmmdtfad  magnitude  are  converted 
into  a  coda,  e.g,,  into  binary  numbers,  which  are  taanamltted  in  the  form  of  pulse 
•roups.  Figure  10  shows  *  diagram  of  the  shaping  of  telemetrlc  signals  with  the 
var  us  modulation  — thoda. 


Fig.  18.  Shaping  of  teleMtrlc  signals,  a} 
frequency  modulation;  b)  pulse-width  modulation; 
c)  pulse-time  modulation;  d)  pulse-code  modu¬ 
lation. 


On  the  basis  of  considerations  of  economy,  noise  Immunity,  reliability,  and 
effectiveness,  systems  with  time  separation  are  used  moat  frequently  in  astronautics. 
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Special  commutator*  which  alternately  connect  the  output*  of  different  channel* 
to  the  radio  system  are  employed  for  transmitting  a  large  number  of  different 

parameters  on  on*  carrier  frequency. 

The  l^reouency  of  connection  la  from 
one  to  hundreds  of  tlmee  per  second 
[14],  Mechanical  commutators  are 
used  for  amall  low  of  Interrogation, 
and  electronic  ones  are  employed  for 
high  speeda.  Thue,  the  radio  channel 
receives  discrete  values  of  the 
measured  quantities,  and  they  are 
recorded  on  Barth  also  In  discrete 
form  In  the  ahape  of  a  curve  consisting 
of  separate  points  whose  amplitudes 
correspond  to  the  voltage  of  the  channel 
and  whose  frequency  corresponds  to  the 
commutation  frequency  at  the  output 
of  the  telemetering  system. 

Figure  19  shows  a  diagram  of  the 
shaping  of  a  telemetry  signal  In  a 
multichannel  system  with  the  pulse- 
width  method  of  modulation  NM. 

Actual  PWM  systems  do  not  permit  the  arbitrary  selection  or  the  most  optimum  frequency 
of  interrogation  for  each  channel.  There  la  a  certain  standard  Interrogation 
frequency  for  all  channels,  and  It  cun  be  Increased  only  by  means  of  connecting 
several  channels  In  parallel,  and  decreased  by  using  additional  ccmusutators  at  the 
input  to  the  telemetering  channel.  It  Is  also  possible  to  employ  methods  of  storing 
information  In  a  channel  by  means  of  simultaneously  recording  several  parameters  (111, 
175.  25*.  5*8)  • 

The  radiotelemetry  systems  that  are  utilized  for  transmitting  physiological 
Information  from  a  spacecraft  to  Earth  can  be  divided  into*  a)  periodic-action 
systems  of  direct  transmission]  b)  continuous-action  system#  of  direct  transmission; 
c)  systems  with  storage  and  subsequent  transmission  of  Information  [32], 

At  present,  space  physiology  uses  mainly  systems  of  direct  transmission. 
Transmission  is  carried  out  In  orbital  flights,  in  periods  when  the  spacecraft  pessea 
over  corresponding  measuring  points.  A  "Signal”  transmitter  was  used  for  continuous 


Fig.  19.  Shape  of  telemetric  signals  trans¬ 
mitted  by  a  multichannel  system  with  pulse- 
width  modulation. 
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direct  puis*  transmission  on  th*  "Vostoks."  It  operated  during  tha  entire  time  or 
flight,  emitting  pulse*  In  the  rhythm  of  tha  matronmut'a  heart  contraction*. 


On-Board  Data-Storage  systems 

Information  la  stored  on  board  In  the  following  cases:  a)  if  it  Is  necessary 
to  perform  — aauramsats  In  such  periods  cf  time  when  the  telemetering  eastern  ie  not 
operating,  e.g.,  beyond  th*  sphere  of  action  of  th*  recelelng  etatlone  or  during  the 
time  of  deacenti  b)  If  the  total  capacity  of  information  sources  in  the  period  of 
measurements  txetsds  the  capacity  of  tha  telamataring  system]  c)  if  the  total 
capacity  of  the  Information  sources  la  considerably  lower  than  the  capacity  of  the 
telemetering  system  and  there  Is  not  enough  power  to  transmit  Information  in  the 
process  of  measurement!  d)  If  it  Is  necessary  to  dupllcats  data  recording  by  radio- 
telemetry  with  recording  on  board  the  spacecrafts 


The  systems  that  ar*  utilised  for  storing  physiological  information  can  be 
divided  Into  the  following  groups: 

1)  long-term  storage  devices  (Information  Is  read  after  the  cralt  return*  to 
the  ground)!  2)  operational  storage  devices]  a)  with  accelerated  reproduction;  b) 
with  deiaysd  reproduced!  3)  intermediate  memory  system*  for  data  storage  In  the 
process  of  transmission  or  recording. 

This  classification  of  on-board  memory  units  has  an  analogy  In  the  theory  of 
digital  computers .  In  this  case  there  also  are  three  corresponding  types  of  memory 
units:  the  long-term  memory,  the  fast-store  memory,  and  registers  (buffer  memory 
unt  ts ) . 

Biomedical  apace  research  la  presently  employing  mainly  long-term  memory  devices. 
Fast  storaga  with  accalerated  reproduction  was  used  only  for  transmitting  Information 
and  performing  various  physchologlcal  taste  recorded  by  an  on-board  tape  recorder. 
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to  record  physiological  data  during  the  descents  or  the  second  through  fifth  Soviet 
orbital  apacacraft  and  the  "Vostoks."  After  the  flight,  the  information  from  the 
magnetic  carrier  wa*  re-recorded  on  photographic  or  paper  tape  for  subsequent  analysis. 
A  miniature  self-contained  recorder  which  was  placed  In  the  astronaut's  clothing 
or  in  hla  parachute  bag  [U,  894,  293]  was  used  to  record  Important  physiological 
data  (pulse  and  respiration)  after  the  astronaut  had  ejected.  Recordings  obtained 
with  the  aid  of  a  self-contained  recorder  make  it  possible  to  Invest  ie*  te  the 
physiological  reactions  of  an  astronaut  at  the  time  of  ejection,  and  during  parachut¬ 
ing  and  landing. 
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Memory  units  aay  be  characterized  ly  their  atorage  capacity  and  spaed.  The 
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which  the  memory  can  contain  at  maximum  storage.  The  storage  speed  la  analogous  to 
the  concept  of  the  carrying  capacity  of  a  radio  channel.  Jt  le  neceeaary  that  the 
capacity  of  the  Information  Bource  be  coordinated  with  the  storage  speed.  To  prevent 
osslble  distortions  In  the  storage  process,  it  Is  ntcssssry  that  Its  spesd  bs 
somewhat  higher  than  the  speed  of  Information  Input.  Thus,  for  storing  an  electro¬ 
cardiogram  (the  amount  of  Information  is  approximately  500  blts/aec)  the  storage 
opuf'l  should  be  no  lower  than  600  blta/aec . 

Calculation  of  the  capacity  of  memory  units  In  relation  to  the  capacity  or 
information  sources  has  an  important  value  In  fast-store  memorisation.  Here  It  Id 
nece  oary  to  consider  the  amount  of  information  to  be  Stored,  the  speed  of  data 
in,  ut  and  output,  and  the  tiaie  of  recording  and  reproduction.  All  these  indices 
must  be  mutually  coordinated.  Fast-store  memorisation  of  physiological  information 
has  a  big  future  in  prolonged  and  distant  space  fllgnts,  A  characteristic  of  systems 
with  accelerated  reproduction  1b  the  dependence  of  the  amount  of  information 
Introduced,  per  unit  of  time  on  the  periods  of  storage  and  reproduction.  If  a 
standard  telemetry  channel  is  used  for  reproduction  and  the  reproduction  time  Is  equal 
to  5  minutes,  for  example,  a  simple  calculation  shows  that  atorage  takes  60  minutes, 
which  means  that  the  speed  of  Information  input  to  the  memory  unit  should  be  12 
times  less  than  that  in  direct  transmission.  Accordingly,  an  Increase  In  the  storage 
period  to  twenty-four  hours  leads  to  practically  a  300-fold  (12  v  24)  decrease  in 
the  amount  c f  orsssit ion  st-ersd  per  unit.  Thus,  bhc  use  of  systems 

with  Bubsequent  reproduction  ol  information  envolves  the  problem  encoding  biomedical 
data.  This  problem  becomes  even  more  serious  if  we  consider  that  with  the  Increase 
of  the  duration  and  distance  of  space  flights,  the  capacity  of  direct- transmission 
will  decrease,  which,  in  turn,  will  lead  to  larger  limitations  on  the  possibility 
>^f  transmitting  biomedical  Information.  An  Important  role  muBt  be  played  here  by 
memory  unite  with  delayed  reproduction.  For  Instance,  if  the  carrying  capacity  of  a 
radio  channel  is  insufficient  for  direct  transmission  of  an  electrocardiogram  (for 
Instance,  a  channel  with  a  capacity  of  10  blts/suc ) ,  ^  the  electrocardiogram  can  be 
Introduced  with  normal  speed  (500-600  blts/sec)  into  the  on-board  storage  device,  and 
then  transmitted  with  a  10-fold  deceleration  through  an  available  telemetric  channel . 
The  transmission  of  a  one-second  segment  of  an  EKC  curve  will  then  take  60  sec. 

Table  6  Hats  tentative  data  on  the  necessary  factors  of  acceleration  or 
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Ape*'*?* tlon  of  transmission  of  physiological  info nation  with  the  use  of  telemeter- 
lag  channels  with  different  carrying  capacities  frcei  0.01  to  500  bita/sec.  A 
fraction  indicates  the  necessity  of  slowing  sown  brsheaiiiioti  ( tts  denominator 
dhows  the  multiplicity  of  dscclerstlon) .  The  integers  correspond  to  the  number  of 
peooods  of  actual  recording  of  the  amount  of  information  which  can  be  transmitted 
ttroupi  a  glean  channel  la  a  direct -transmission  mod*  per  second.  One  asy  see 
from  the  table  that  an  electrocardiogram  can  be  transmitted  through  a  channel  with 
a  carrying  capacity  of  SO  blts/sac  with  approximately  a  29- fold  delay,  and  the  date 
of  200  tr.'pereture  measurements  can  be  transmitted  In  1  second. 


Table  6.  Tentative  Data  on  Capacity  of  Memory  Units  (&)  fMUl  and  Characteristics 
of  Modes  of  Accelerated  and  Delayed  Reproduction  of  niysiological  Information 


Physiological 

parameters 

Characteristics  of  MU 
amd  operational  modes 

BBT 

8KT 

nr 

TT 

MU  capacity  for  storage 

period 

-2  min 

60  thoua.blta 

90  thovs.blts 

1200  bits 

6  bits 

-20  min 

600  thoua.blta 

900  thous .bits 

12  thous.blts 

60  bits 

—1  hour 

9  mil, bits 

1.9  mil. bits 

60  thous.blts 

300  bits 

-8  hours 

2*  mil. bits 

12  mil. bits 

480  thous.blts 

2400  bits 

—2k  hours 

78  mil. bits 

96  mil. bits 

imll.  WO  bite 

7200  bits 

Deceleration  and 
acceleration  factors 
of  transmission  for 
radio  channels  with 
the  following  carry- 
capacitlea 

-0.1  bita/aec 

1/iOCOO 

1/5000 

1/200 

1 

-1  blts/sec 

1/1000 

1/500 

1/20 

10 

—20  bita/aec 

1/50 

1/25 

1 

200 

—100  bita/aec 

1/10 

1/5 

5 

2000 

-500  blts/aec 

1/2 

1 

25 

5000 

—1000  bits/'aec 

1 

n 

C 

90 

10000 

:ote:  f 8KT)  [KKO]—  electrocardiogram]  (BBT)  [ESQ]  -  electroencephalogram,  (IIT) 
'PQ]  —  pneumogram,  (TT)  [BT]  —  amasurement  of  body  temperature. 


The  table  also  gives  calculations  of  storage  capacity  for  various  storage  times. 

Questions  of  on-board  storage  and  transmission  of  physiological  information 
to  Earth  are  cloeely  related  to  investigations  of  the  informational  characteristics 
of  physiological  parameters.  Under  laboratory  end  ground  conditions  it  is  usually 
not  necessary  to  scrupulously  coordinate  the  amount  of  information  with  the 
capabilities  of  the  recording  instrument,  where  frequently  s  narrowing  of  the 
frequency  band  (l,e.,  a  decrease  in  capacity)  of  the  channel  is  only  the  means  of 
counteracting  interferences.  Conversely,  physiological  measurement  systems  on 
a  spacecraft  must  be  constructed  taking  into  account  their  main  requirement  of 
transmitting  (recording)  maximum  information  with  the  use  of  the  minimum  capacity 


of  the  telemetric  (recording)  channel.  This  requirement  eventually  causes  esaentlal 
changes,  as  compared  to  conventional  once,  In  the  methods  of  collecting  Information 
In  the  circuit*  of  electronic  amplifier  equipment.  Moreover,  the  observance  of  this 
requirement  necessitates  the  development  of  absolutely  new  methods  of  physiological 
investigation.  Also  very'  significant  are  the  changes  introduced  by  the  specific 
character  of  transmission  and  storage  of  information  In  space  flight,  the  methodologi¬ 
cal  principles  of  the  physiological  Investigations,  their  organisation  and  prepara¬ 
tion,  processing  the  reeulte  of  measurements,  and  analysing  them. 

Television  end  Radio  Communications  Systems 
A  considsrsble  amount  of  physiological  Information  has  bean  obtained  during 
space  Investigations  by  means  of  television  and  radio  communications.  Tht  clarity 
of  the  television  transmissions  during  the  flighte  of  "Vostok  3-6"  made  it  possible 
to  analyze  the  astronaut's  facial  expression  and  hla  oculomotor  responses.  In 
flight  experiments  with  animals,  television  was  used  to  observe  the  motor  responses 
of  dogs  In  various  phases  of  flight  [77,  117 ].  The  3ovlet  spacecraft  had  two  tele¬ 
vision  cameras  which  made  It  possible  to  conduct  extensive  observations.  Figure  20 
shows  samples  of  television  pictures  that  were  obtained  during  invest Igat ions  with 
animals  and  in  the  "Vostok"  flights. 


Fig.  20.  8aaples  of  television  pictures  obtained 
during  flight  experiments  with  animals  and  in  "Vostok* 
flights. 


The  television  method  of  investigation  and  monitoring  Is  now  being  employed 
more  and  more  In  medicine  and  physiology.  Television  is  used  in  operations  for 
observing  difficult  cases  and  for  investigations  in  microbiology,  opthalaology,  and 
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otter  flslds  [60  j.  The  television  method  In  pec*  physiology  obviously  has  a  big 
future.  A  largo  number  of  reswte  investigations,  such  as  endoscopy,  examination  of 
«SS  ocular  fungus.  study  of  pupil  reflexes,  diagonal lng  of  akin  diseases,  and  so 
forth,  will  become  possible,  especially  with  tho  Introduction  of  color  television. 

Television  aakea  It  poaalblo  for  a  physician  to  observe  his  "space  patient," 
while  stele  oq^wntcatlcna  tMftlti  hi*  %o  tetr  tte  patient  and  converse  with  hi*. 
Certain  authors  eserlbe  an  except  iomal  value  to  two-way  radio  co—amicatlons  with 
the  astronaut,  considering  lta  role  in  providing  operational  medical  monitoring  no 
laaa  important  than  electrocardiography  [to?,  669).  According  to  the  data  received 
froai  radio  conversations,  the  physician  can  eatlamte  the  general  state,  efficiency, 

and  health  of  tte  astronaut,  his  rmiro- sectional  background,  and  also  can  detsct 

<*• 

mental  disturbances.  It  Is  necessary  to  distinguish  two  nathods  of  radio-conversation 
anelyilat  1)  tbs  loeel-senantic  method,  when  prime  importancs  ie  ascribed  to  what 
the  astronaut  says  and  how  he  answers  quest Iomi  2)  the  structural-acoustical  method, 
when  such  informational  characteristics  of  speaeh  as  frequency  spectrum,  fundamental 
and  component  harmonics  (timbre),  duration  of  separate  sounds,  words,  and  phrases, 
and  other  indices  are  taken  Into  account.  Consequently,  physiologists  and  physicians 
are  extremely  interested  in  high-quality  and  noise-proof  communications.  For  semantic 
communication,  It  la  sufficient  to  usa  a  narrow  frequency  band  within  the  limits  of 
a  hundred  cycles  par  second,  while  a  structural-acoustical  evaluation  of  an  astronaut's 
speech  requires  a  sufficiently  broad  dynamic  frequency  band,  e.g.,  from  100  to  7000 
ps  or  even  from  20  to  20,000  cpe. 

During  the  "Vostok"  flights,  an  extensive  network  of  ground  shortwave  and  ultra- 
short  wave  stations  was  used  for  two-way  radio  communications.  On  board  there  were 
primary  and  reserve  radio  sets  of  different  ranges.  Microphones,  laryngophones , 
and  telephones  were  placed  in  the  astronaut is  hairnet.  In  addition,  extra  microphones 
and  loudspeakers  ware  installed  in  the  cabin.  This  made  it  posBible  to  continue 
radio  cQwnunlcatlons  whan  the  astronaut  left  his  east  and  when  his  spacesult  was 
disconnected  from  the  on-board  cable  network,  In  these  nonents  of  flight,  informa¬ 
tion  from  the  sensors  and  electrodae  did  not  enter  the  channels  of  the  telemetry 
system  and  radio  communications  was  the  only  method  for  evaluating  the  astronaut's 
condition. 

The  radio  communications  equipment  of  the  spacecraft  had  both  automatic  and 
manual  control.  The  astronaut  could  regulate  the  volume  of  the  receivers,  turn 
the  transmitters  on  and  off,  and  connect  the  mtcrophonea  and  telephones.  A  physiolo¬ 
gical  evaluation  of  these  operations  can  be  of  Importance  for  investigations  of 


astronaut  efficiency  In  flight. 

Radio  communications,  television,  and  radiotelemstry,  by  coaqplementlng  one 
another,  compote  the  alngle  foundation  of  the  contemporary  physiological  measurement 
system  on  spacecraft  [5,  9], 

Problems  of  Preparing  and  Conducting  Height  Experiments  and 
Evaluating  Their  Results 

Among  the  various  investigations  in  the  field  of  space  biology  and  medicine, 
a  central  position  is  occupied  by  the  flight  experiment,.  The  direct  result  of  each 
flight  experiment  contains  a  definite  amount  of  scientific  information.  The  quality 
and  quantity  of  this  lnfonmtion  depends  not  only  on  ths  theoretical  level  of  thq 
development  of  questions  on  data  transmission,  the  selection  of  research  methods, 
and  he  creation  of  appropriate  equipment,  but  eleo  to  e  considerable  extent  on  how 
practically  the  flight  experiment  la  prepared,  how  is  medical  security  in  the  course 
of  flight  organised,  and  how  the  obtained  data  are  processed.  Therefore,  an  account 
of  the  questions  of  preparing  and  carrying  out  flight  experiments  and  evaluating  the 
results  is  organically  related  to  the  Investigation  of  a  contemporary  physiological 
measurement  system  on  a  spacecraft.  The  recipient  of  the  information  (physician, 
physiologist)  is  one  of  the  object?  of  the  physiological  measurement  and  Information 
system  to  the  same  extent  as  the  source  of  Information  (astronaut).  A  consideration 
of  this  system  would  be  Incomplete  without  studying  the  problems  of  feedback. 

In  this  case  these  problems  are  related  to  the  specific  state  of  the  astronaut 
before,  during,  and  after  the  flight  the  making  of  decisions  and  tha  issuance  of 
Instructions  on  the  basis  of  the  results  >f  medical  monitoring,  and  the  making  of 
recommendations  on  preparation  for  the  following  flight  experiment. 

Prsfllght  Testing' of  Physiological  Measurement 

'  . 

As  it  is  known,  a  measurement  process  requires  the  presence  of  two  quantities; 
the  one  to  be  measured  and  a  standard.  Standard  information  is  extremely  lsqportant 
for  physiological  measurements  in  a  space  flight  in  view  of  the  peculiarities  of  the 
research  methods  and  equipment  plus  the  variety  of  conditions  of  the  experiment 
itself.  Preflight  testing  of  the  physiological  measurement  system  Is  one  of  the 
sources  of  standard  information.  The  following  functions  are  performed  in  ths  test¬ 
ing  process;  e  check  of  methodological  methods  und  equipment;  individual  finishing 
cf  electrodes  and  sensors  in  reference  to  the  specific  astronaut  candidates;  obtain- 
ment  of  the  reference  data  necessary  for  subsequent  analysis  of  telemstrlc  information 
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Iltlalag  of  MtewHii  a  check  of  the  efflalsmcy  o t  the  physiological  measurement 
la  a  Laboratory  o^orinsnt  with  maxi—  apprml—tlmi  to  flight  condition* j 
inpmtloB  of  —dice!  lUff  for  wort  la  pnlMaeh  period  and  during  flight. 

frtfli^rt  too  to  are  conducted  vita  the  application  of  stationary,  clinical, 

•ad  powanoat  aa  Paid  oqnlpaant.  Xa  the  beginning,  the  methods  propooad  for 
iHidw  la  tM  Alpn  opariaoit  pemppm  s^e  obadlit  with  the  uo«  of  stationary 
H>4—d.  flan,  by  aodlfylap  tho  mrmti  aapd  eleatsodas,  thay  try  to  obtain  high- 
quality  rooerdlmgs  which  aro  oubooqaontly  ooaaldorod  to  bo  tho  standards,  Further, 
in  tho  proeoao  of  tootlap  a  aookop  of  tho  on-board  equipment,  thay  try  to  obtain 
roeordingo  of  analogous  quality.  Thao,  oa  tho  proaoaont  on-board  equipment,  aftar 
ladividoal  finish lnp  of  tyotaa  of  securing  tho  alootrodoo  and  ooaooro,  physiological 
function*  of  tho  aotroaauto  aro  raaordod.  bearing  la  atad  tho  standard  recording* 
ob ta load  previously.  tho  oPtalwoont  of  M#  quality  roeordingo  of  physiological 
functions  in  tho  pro-gad  poot flight  period  lo  of  .bgportaaea  for  evaluating  tho 
intonation  recorded  directly  in  the  eouroo  of  fllpit.  Therefore,  eerloue  attention 
to  given  to  all  atapo  of  preparation  for  tho  fUpxt  experiment. 

Special  do  vie  eo  hare  boon  developed  for  oanying  out  the  various  testing  opera¬ 
tions,  which  involve  ladividoal  finishing  of  asnsoro  and  electrode* ,  checking  out 
the  physiological  equipment,  and  carrying  out  self-contained  and  full-acala  taata 
of  the  physiological  — aouro— nt  system  a  toot  panel  and  a  *  Isolator  [11].  The 
it  panel  la  used  to  oheck  the  quality  of  fixation  of  tho  sensors  and  electrodes 
ithout  the  on-board  equlpa-nt .  This  check  is  sxtressly  necessary  in  the  various 
stages  of  work  and  especially  In  process  of  outfitting  the  astronaut  on  the  day  of 
the  launching.  Since  the  launch  preparation  is  conducted  on  a  otrlct  tine  schedule, 

a  delay  In  outfitting  the  astronaut  lo  Impermissible.  If  a  wire  break  or  improperly- 

locate*  sensor  la  detected  after  the  speceault  is  put  on,  and  all  the  nore  so  sfter 
sitting  down  In  the  oebln  of  the  spacecraft,  correction  of  the  situation  may  demand 
rescheduling  of  the  day  of  the  launching.  Therefor*  o  tost  panel  In  the  form  of  an 
analog  of  tho  on-board  equipment  La  an  Important  aid  to  tho  physician.  It  consists 
of  two  aspllflors  and  a  switching  device,  end  makes  it  possible  to  monitor  the  opera¬ 
tion  of  the  electrodes  and  sensor*  by  naans  of  a  dynastic  loudspeaker  (for  listening) 
or  a  miern ammeter  (visually).  A  second  slxulated  Instrument  Is  an  analog  of  the 
information  source.  Recently  In  literature  there  have  appeared  descriptions  of 
aieulstore  for  medloal  purposes  [655,  690]  and  analog  computers,  which  also  are 
simulators  [3].  A  simple  simulator  can  be  made  in  the  fora  of  *  neon- tube  relaxation 

ganerator.  The  generator  sands  out  acute-angle  pulses  like  the  R  waves  of  an 

-68- 


electrocardiogram.  Thtlr  tracking  frequency  la  continuously  regulated  by  means  of 
a  potentiometer  of  lntenalttently  by  means  of  capacitance  switching.  Practically 
square  pulses  are  given  by  a  transistorized  multivibrator- type  simulator.  More 
complicated  simulators  permit  recording  of  pulses  of  various , *  frequently  rather 
complicated,  form  simultaneously  through  several  channels  (Fig.  21).  Tha  magnitude 
of  the  output  signal  Is  aside tad  with  he  sensitivity  thresholds  of  the  input  of 
the  amplifier  of  the  channel  under  investigation.  It  la  usually  sufficient  to  have 
two  standard  values  of  output  signals!  100  microvolts  and  1  millivolt.  Simulators 
are  extremely  useful  in  various  checks  of  the  on-board  equipment,  but  are  especially 


important  during  proloogsd  technical  tasta. 
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Fig.  21.  Samples  of  simulator  output  signals  which 
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troeardlogram  (c). 


When  considering  questions  of  the  collection  of  reference  data  which  will 
aubsequently  serve  as  a  standard  for  evaluating  telametrlc  infonnation,  it  la 
necessary  to  Indicate  tha  following  circumstance.  A  distinctive  feature  of  the 
physiological  measurement  and  information  system  of  a  spacecraft  is  tha  polygraphic 
approach  to  the  Investigation  of  physiological  functions.  Laboratories  and  clinics 
presently  are  mlnly  using  the  method  of  Independent  study  of  separata  systems  and 
organs,  e.g.,  there  are  electrocardiographs  and  corresponding  electrocardiographic 
departments,  electroencephalographs  and  corresponding  electroencephalographic 
departments.  Ivan  tha  departments  and  section#  of  functional  diagnostics  are 
equipped  with  a  large  number  of  various  devices  which  are  uacd  separately  depending 
upon  the  readings  during  the  examination  of  ona  patient  or  another.  High-quality 
mass-produced  Instrument*  are  used  for  the  pref light  examinatior  of  aatromautai 
encephalographs,  spireme tab log raphe,  mechanical  cardiographs,  and  eo  forth  [29** 


8953.  Howrar,  to  obtain  (tat*  In  accordance  with  th*  aelfcodolocr  of  the  full-scale 
approach  to  8hy.lolo.lcnl  investigation.  in  *11**.  It  U  taiuw  to  con.truct 
npnrnprl.t.  equipnent  [474,  11,  2943. 
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tu  22.  Scoplit  of  r«cordlAf  of  wiowi  phyiiologlcil 
function,  with  the  aid  of  a  *Zamlya*-type  lmtiwnt.  a) 

EKT  (vectorcardlograa.)i  1,  2,  3  -  £*«***■  T*®?1* 
lateral  projection.!  b)  «T  (ghonooardlo^aa) ,  l-*™’ 
trocardiograa  In  flr.t  leadj  OD  -  voluae  respiration 
(oulaonary  ventilation),  c)  KKT  (kinetocardiogM),  ^ 

(;S5£2<ii£~)  n>  '*r  ,»).*(  .p^g- 

raram);  e)  33T  (electroencephalograa)}  f)  At  (arterial  ^ 
oacillograa) .  The  reading.  of  aaxlaaa^Hx),  lateral  wan 
(Bo)  -naan  dynamic  (Cp),  and  aUlmia  (an )  P**B,^J*  *f*w 
indicated  with  arrows  above  the  pre.aure  aark.  and  below 
the*. 


The  @MA  )  [Bta]  plant,  together  with  our  participation  in  cooperation  with  I 
T.  Akulinichev,  developed  a  "Z«lya"-type  in.truaent  for  full-.cale  polygraphic 
research  which  was  uaed  under  clinical  and  polycllnlcal  condition.,  and  wa.  also 


applied  Ln  p re launch  Investigations.  Figure  22  Illustrates  samples  of  recordings 
of  various  physiological  functions  that  were  made  with  Iti  aid.  The  described 
Instrument  was  constructed  on  the  basis  of  the  vectorcardloscope  designed  by  I.  T. 
Akulinichev  end  makes  it  possible  to  conduct  both  visual  observation  and  recording 
of  parameters  on  j6-mm  photographic  film.  The  total  number  of  physiological  parameters 
which  can  be  recorded  ln  e  full-scale  investigation  la  16,  Including  an  electracardlo- 
gram,  vectorcardiogram,  phonocardlogram,  arterial  oaclllogram,  ballistocardiogram, 
electroancaphalogram,  body  temperature,  galvanic  akin  raflax,  conditioned  more 
responses,  end  so  forth. 

A  similar  "combine"  easantially  replaces  tha  department  of  IMnctionml  dlagnoetlca 
and  makes  It  possible  to  conduct  extrsmaly  dlveraa  physiological  research  according 
to  •  selected  program. 


Mtdlcal  Monitoring  Purina  Space  Fllaht 

The  medical  check  of  an  astronaut  on  the  day  of  a  flight  begins  with  an  avalua- 
t Ion  of  prelaunch  recordings.  After  the  astronaut  enters  the  spacecraft  during  the 
launch  preparation,  practically  continuous  recording  of  the  most  important  physiolo¬ 
gies!  parameters  la  conductad  (electrocardiogram,  pulse  rate,  respiratory  rata). 

Of  importance  for  providing  medical  monitoring  lr  the  prelaunch  period  era  two-way 
radio  communications  with  tha  launch  command  post  and  periodic  observations  on  a 
television  channel. 

At  the  time  of  launching  and  during  propelled  flight,  thorough  medical  isonltor- 

lng  is  conducted  according  to  television  data  radio  conversations,  and  also  by  meant 

of  visual  monitoring  of  the  main  physiological  parameters  on  the  screen  of  the 
telemetry  station. 

After  the  spacecraft  la  launched,  the  network  of  ground  telemetry  measuring 
points  begins  to  operate.  At  each  point  there  is  a  mtdlcal  group,  whoa*  duties 

Include  medical  monitoring  at  the  moment  that  the  spacecraft  files  over  a  given 

point  and  Immediate  transmission  of  data  to  tha  flight  control  centar  and  to  tha 
coordination-computation  centar.  Thus,  for  the  fllghte  conducted  under  the  "Mercury" 
pregram,  15  receiving  etationa  located  ln  various  areas  of  the  world  ln  the  orbital 
projection  of  the  spacecraft  Mere  connected  with  the  launch  centar  at  Capa  Canaveral 
(Cape  Kennedy). 

In  the  US8R,  during  the  fllghte  of  the  second  through  fifth  Soviet  orbital 
spacecraft  with  animals,  for  the  purpoae  of  obtaining  experience  ln  medical  monitor¬ 
ing,  medical  groups  wars  set  up  for  operational  rvaulatlon  of  the  state  of  the  animals 
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In  space  flight. 

TIm  specific  character  of  the  work  of  the  physicians  at  the  measuring  points 
demanded  special  training  and  Instruction  on  how  to  read  telemetry  recordings, 

Por  operational  evaluation  of  data  obtained  In  the  couree  of  flight,  epee  lei  tebles 
mere  constructed  which  systematised  the  data  of  the  training  and  attempts  of  each 
astronaut  that  made  a  flight  Thus,  tables  war*  constructed  with  data  on  the  limits 
of  Individual  variations  of  the  baelc  physiological  indicts  during  the  action  of 
a-loads,  during  hast  tssts,  during  prolonged  isolation,  and  so  forth.  A  great  deal 
of  assistance  was  rendered  also  by  graphs  of  the  ohai-gee  in  rules  and  respiration 
where  observed  in  preceding  space  * l.'.vhts  an,!'  t*ata.  These  data  were  considered 
to  be  the  standards  when  comparing  ih.o  with  tin.  rssulte  of  the  flight  of  other 
astronauts.  Indeed,  every  subsequent  flight  essentially  differed  with  respect  to 
time  from  the  preceding  one,  but  even  a  comparison  of  the  physiological  reactions 
in  identical  phases  of  flight  use  an  important  factor  tor  a  proper  medical  evalua¬ 
tion  of  the  data  and  a  prognosis. 

In  the  process  of  preparation  for  work  at  tha  measuring  points,  the  various 
dangerous  deviations  in  the  state  of  health  of  the  astronauts  that  are  probable  In 
flight  wara  studied  and  the  possible  pathological  changes  of  the  recorded  parameters 
were  schematically  depicted. 

Medical  monitoring  at  the  measuring  points  were  carried  out  in  two  stages.  The 
.  lrst  stage  consisted  of  visual  observation  of  physlclogocal  indices  (basically 
lectrocardiograms  and  pneumograms)  on  the  screens  of  telemetry  devices,  listening 
to  (and  counting)  the  electrocardlophone  signals,  examining  television  pictures, 
and  monitoring  the  content  of  radio  conversations.  On  the  basis  of  these  data,  a 
preliminary  conclusion  was  made  concerning  the  state  of  the  astronaut.  The  second 
stage  of  operational  monitoring  consisted  of  a  more  detailed  study  of  telemetry 
recordings,  and  an  exact  determination  of  the  pulse  rete  and  respiratory  rate,  the 
hygienic  conditions  in  the  cabin,  and  the  radiation  situation.  These  data  were 
transmitted  to  the  flight  control  center  and  to  the  coordination-computation  center. 
The  conclusions  concerning  the  state  of  astronauts  ware  made  on  the  basis  of 
calculating  all  the  data  and  comparing  them  with  the  data  from  ground  tests  and 
training  sasslons. 

A  final  conclusion  about  the  state  of  the  astronaut  was  made  by  medical 
specialists  and  consultants  in  the  medical  groups  at  the  flight  control  center  and 
the  coordination-computation  center. 


■92- 


We  should  point  out  some  of  the  peculiarities  of  the  reception  of  telemetry 
information  from  a  spacecraft  which.  Interfere  with  the  realisation  of  medical  moni¬ 
toring.  The  fact  la  that  the  motion  of  a  craft  In  orbit  atlpulatea  only  an  episodical 
character  of  communication’ with  Karth.  The  amount  of  Information  obtained  during 
a  apace  flight  la  severely  limited;  the  duration  of  recording  period#  depends  on 
the  orbital  parameters,  the  location  of  ne  receiving  points,  and  aleo  on  the  potter 
resources  of  the  spacecraft.  The  communication  time  In  different  revolutions  of  an 
artificial  satellite,  and  consequently,  the  amount  of  information  obtained,  are  not 
Identical.  At  separate  Intervals  of  time  up  to  several  hours  in  length,  direct 
telemetry  communication  is  Impossible  and  only  the  medical  Information  are  the  signals 
from  the  continuously  operating  electrocardiophone  (  the  "Signal"  transmitter) . 

Part.  of  the  biological  Information  la  recorded  on  board  the  spacecraft  and  cannot  be 
Ol  talned  In  the  course  of  the  space  flight.  This  Information  la  on  the  descent 
phase.  Thus,  the  pnyslclans  must  deal  with  information  obtained  from  varloue 
flight  phases  that  is  nonunlformly  distributed  in  time  and  quantity,  which  creates 
definite  difficulties  in  its  processing  and  analysis.  In  addition,  the  form  of 
data  recording  sharply  differs  from  the  usual  laboratory  oscillograms.  It  it  usually 
photographic  film  with  recordings  in  the  form  of  points  with  curves.  The  frequency 
of  quantification  and  the  accuracy  of  reading  depend  on  the  capacity  of  the  telemetry 
channel.  Tapes  with  recordings  are  marked  with  a  single  time  (Moscow)  which  makes 
it  possible  to  synchronize  the  data  of  several  channels  or  even  the  receiving  points, 
and  to  accomplish  time  annexation  to  the  data  obtained  through  the  radio  communica¬ 
tions  and  television  channels.  In  the  beginning  and  at  the  end  of  the  information 
reception  period,  due  to  radio  Interference,  data  interpretation  and  analysis  are 
difficult. 

In  the  process  of  medical  monitoring  it  la  difficult  to  perform  complicated 
statistical  calculations;  however,  a  specific  amount  of  measurements  le  necessary. 

As  a  rule,  the  mean  maximum  and  minimum  values  of  separata  Indices  are  determined 
fer  each  revolution,  and  the  entire  volume  of  information  la  quantitatively  evaluated 
on  the  object  of  manifestation  of  apeclfic  changes  In  the  oec lllograma ,  Of  Importance 
is  a  comparative  analysis  of  data  from  revolution  to  revolution.  This  results  in 
the  timely  detection  of  tendencies  toward  the  appearance  of  pathological  deviations 
and  an  appropriate  prognosis  can  be  established. 

The  participation  of  a  physician  in  a  space  flight  does  not  essentially  change 
the  general  principles  of  medical  monitoring  at  least  for  the  closer  orbital  flights. 
The  physician-astronaut,  Just  as  the  rest  of  the  crew,  must  be  monitored  by  the  medical 
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staff  on  Earth.  Therefore,  tha  entire  system  of  medical  monitoring  describe^  above 
alto  remains  unchanged  for  flights  uf  aultlsett  craft  with  a  physician  on  board. 
However,  It  la  natural  that  the  reliability  of  monitoring  la  etBentlaJly  increased 
here.  Many  dangerous  situation!  can  be  quickly  detected  by  the  physician  and  last 
medical  aid  can  be  given  both  on  tha  baa la  of  the  results  of  the  physician’s 
observations  and  also  on  the  basis  of  instructions  from  Barth.  When  the  spacecraft 
has  on-board  computers,  the  diagnostic  capabilities  of  the  physician  are  considerably 
increased  In  flight  and  tha  Intensity  of  work  of  the  ground  etaff  decreases. 

Tha  use  of  computer  technology  on  Earth  for  currant  operational  analysis  of 
Information  in  the  course  of  space  flight  will  also  be  of  importance.  Such  experi¬ 
ments  already  are  being  conducted.  There  la  alao  a  number  of  experimental  and 
theoretical  efforts  in  this  direction,  which  Indicate  the  expediency  of  constructing 
automated  ground  systems  of  medical  monitoring  [776]. 

Evaluating  the  Results  of  flight  Experiments 

Spacecraft  flights  to  some  extent  experimentally  confirm  specific  calculations 
and  laboratory  Investigation#,  which  In  turn  are  based  on  the  experience  ol  previous 
flight  experiments.  As  Indicated  above,  there  Is  feedback  In  the  system  of  the 
following  categories:  theoretical  Investigations  and  calculations,  laboratory 
experiments  and  mockups;  experimental  apace  flights.  This  means  that  the  results 
"f  every  flight  experiment  have  a  high  scientific  value  and  should  serve  as  the  basis 
‘  r  the  organization  and  realization  of  subsequent,  more  complicated,  flights  into 
space.  In  reference  to  questions  of  physiological  measurements,  the  analysis  and 
evaluation  of  telemetry  information  obtained  In  the  course  of  flight  have  two  aspects 
the  obtainment  of  new  scientific  data  on  the  Influence  of  factors  of  space  flight 
on  a  living  organism;  the  obtainment  of  Information  on  the  quality  of  operation  of 
the  physiological  measuring  system,  data  on  the  effectiveness  of  the  methods  used, 
and  determination  of  ways  of  further  improving  tha  measurement  system. 

It  Is  naturally  that  these  two  aspects  are  Interdependent  and  supplement  one 
another,  since  it  Is  Impossible  to  Imagine  the  possibility  of  proper  scientific 
treatment  of  flight  data  without  a  knowledge  of  the  methodological  peculiarities  of 
the  measuring  system,  and  conversely.  It  is  Impossible  to  estimate  the  effectiveness 
of  the  physiological  methods  used  and  to  outline  ways  for  their  improvement  without 
knowing  the  scientific  results  of  the  flight. 

Questions  of  the  evaluation  of  telemetry  Information  have  a  specific  character 
both  due  to  the  peculiarities  of  obtaining  information  (time  and  quantitative 
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nommlformtty )  and  also  because  of  its  huge  volume.  Since  the  actual  formulation  of 
space  experiments  is  not  within  the  capability  of  one  peraon,  even  a  simple  examina¬ 
tion  of  many  kilometers  telemetry  recordings,  ;u,t  to  mention  their  processing  and 
analysis,  Is  impossible  for  one  person  tu  accomplish.  The  data  obtained  as  a  result 
of  the  realisation  of  a  space  flight  experiment  are  the  property  of  everyone  that 
has  participated  in  Its  preparation  and  performance.  Tha  first  experience  of 
processing  and  analysing  large  amounts  of  telemetry  information  was  obtained  during 
flight  experiments  on  the  second  and  third  Soviet  orbital  spacecraft  with  animals. 

The  method  given  below  was  developed  in  cooperation  with  0.  N .  Zlotln. 

In  the  postflight  period,  all  telemetry  recordings  obtained  at  tha  various 
receiving  points  were  concentrated  in  one  place.  The  first  stage  of  operation  was 
to  n  te  and  fix  the  tlma  of  the  recordings  and  then  to  construct  so-called  receiving 
chains.  A  receiving  chain  is  continuous  series  of  telemetry  tapes  obtained  during 
one  communication  period.  Since  numerous  stations  are  operating  during  the  period, 
partially  duplicating  one  another,  the  task  consists  in  selecting  the  best  quality 
recordings.  All  further  treatment  is  conducted  within  the  limits  of  the  receiving 
chains. 

Primary  interpretation  of  recordings  consists  of  determining  certain  amplitude 
and  time  Indices.  In  the  beginning  of  the  operation,  medical  specialists  make  up 
the  so-called  telemetry  Information  Interpretation  plan,  which  Indicates; 

a)  a  list  of  the  measured  indices  for  each  recording  channel;  b)  the  procedure 
for  determining  each  index;  c)  the  frequency  of  measurements;  d)  the  methods  of 
calculating  the  necessary  derivatives. 

As  a  result  of  the  primary  interpretation,  numerical  data  are  obtained  with  a 
specified  discretion  which  characterizes  the  measured  physiological  parameters. 

However,  the  huge  amount  of  data  cannot  be  analysed  without  the  appropriate 
grouping  and  statistical  processing  [209]. 

For  data  grouping,  the  qualitative  uniformity  of  the  data  should  be  taken  into 
account.  Grouping  of  data  obtained  by  telemetry  was  produced  in  accordance  with 
flight  phaaee  in  which  qualitatively  (but  not  quantitatively)  uniform  influences 
are  expected.  There  are  four  of  these  phases;  flC  —  prelaunch;  A  -  powered  flight; 

0  —  orbital;  C  —  descent.  However,  nonequivalent  conditions  were  observed  practically 
In  each  of  the  mentioned  phases.  Thus,  in  the  powered-flight  phase,  the  magnitude 
of  accelerations  acting  on  the  living  organism  at  different  times  from  the  moment  of 
launching  waa  different.  Reactions  to  weightlessness  also  to  a  considerable  extent 
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depend  on  t 1x9 ,  Therefor*,  when  the  recordings  were  processed,  phases  I1C1  and  TIC g 
Mere  lsolatod;  TIC^  was  3-4  hours  before  launching;  IIC 2  was  3  minutes  before  launching; 

and  A 2  were  the  first  and  second  half  of  powered  flight;  Maa  the  first  five 
minutes  of  weightlessness;  Sg,  Kj,  and  V. ^  were  the  following  5-mlnute  periods  of 
v  .tal  flight  in  the  first  revolution.  The  Information  obtained  In  each  revolution 
of  the  spacecraft  around  Barth  was  grouped  according  to  revolutions  etc.). 

In  the  descent,  data  grouping  was  carrisd  out  in  5-mlnute  intervals  (C^,  Cg,  C y  etc). 

Let  us  consider  the  rules  of  the  proposed  method  of  grouping  telemetry  data. 

First  of  all,  onw  should  note  that  for  the  prelaunch,  powered  flight,  and  descent 
phases,  all  the  data  to  be  analysed  is  generalised.  However,  here  we  are  concerned 
with  an  evidently  nonstationary  nonergodic  process.  Therefore,  the  averaging  times 
should  be  selected  as  minimus,  e.g.,  equal  to  10  sec,  l.e.,  such,  within  the  limits 
of  which  the  conditions  of  statlonarlty  are  observed.  In  the  orbital  phase  of  flight, 
within  the  limits  of  tu*  operating  parlod  of  the  telemetry  receiving  point,  the  physio¬ 
logical  processes  can  be  said  to  be  stationary;  therefore,  here  we  will  apply  the 
method  of  time  averaging  (l.e.,  tho  use  of  the  property  of  ergodlclty. 

Let  us  consider  in  greater  detail  the  problem  of  processing  the  data  obtained 
in  an  orbital  flight.  Since  the  reception  tlae  in  different  revolutions  is  not  the 
same,  the  obtained  data  are  selected  samplings.  These  selections  are  random  to  a 
certain  extent  since  they  depend  on  the  orbital  projection  of  the  spacecraft  in  the 
•/.  ne  of  coverage  of  the  receiving  station  and  on  the  propagation  conditions  of  the 
.lo  waves.  As  It  la  Known,  the  most  Important  property  which  the  selected  samplings 
should  possess  Is  Its  maximum  reflection  of  all  trends  of  the  general  sampling 
[209].  The  question  arises  of  to  what  sxtent  the  state  of  an  organism  In  the  period 
of  Information  transmission  to  Earth  reflects  its  state  during  all  the  remaining 
time  In  a  given  revolution.  The  field  of  statistics  has  a  special  numerical  exponent 
which  characterizes  the  degree  of  distinction  between  the  selective  and  general 
sampling.  This  exponent  Is  the  mean  error  (m],  which  indicates  how  much  the  selective 
mean  differs  from  the  mean  in  a  very  large  number  of  observations  (general  sampling). 

As  a  result  of  processing  the  telemetry  data  In  orbital  phases,  basically  insigni¬ 
ficant  mean  errors  were  obtained,  which  points  out  the  high  reliability  of  the 
obtained  selective  means. 

In  statistical  processing  of  numerical  data,  the  following  exponents  were 
usually  calculated;  the  arithmetic  mean  value  (M),  the  standard  deviation  (o),  and 
the  difference  between  the  maximum  and  minimum  values  of  each  exponent  (X^,  X^) . 
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For  a  clarification  of  the  authenticity  or  the  distinction  betnee.i  two  ■*»»  (In 
different  revolutions)  the  coefficient  t  was  determined i 

F-?+wj ' 

Attempts  also  were  made  to  calculate  the  self-  and  inter-correlation  relationships, 
and  also  to  extrapolate  the  data  by  the  application  of  the  aethod  of  least  squares 
[122].  However,  these  more  complicated  mathematical  methods  of  treatment  require 
automation.  The  primary  statistical  and  mathematical  treatment  of  telemetry  infor¬ 
mation  is  basically  concerned  with  preparing  the  data  for  further  scientific  analysis. 
Indeed,  many  statistical  exponents  can  havs  a  concrete  physiological  significance. 

For  instance,  the  variation  factor  [V]  to  aomr  extent  evidently  reflects  the  level 
of  i.erve  control  of  the  vegetative  functions  (112,  33],  Determination  of  the 
authenticity  of  distinctions  between  mean  values  in  illffersnt  revolutions  gives 
the  physiologist  mathematically  substantiated  facts.  The  development  of  methods 
for  analyzing  large  volumes  of  nonuniform  information,  especially  in  reference  to 
data  obtained  In  a  space  flight,  la  a  complicated  task. 

It  is  alreddy  absolutely  clear  that  intense  research  on  mathematical  methods 
for  evaluating  each  physiological  parameter  is  neoeusary  A  preliminary  check  of  these 
methods  in  a  large  number  of  laboratory  experiments  and  in  the  clinic  will  be  of 
Importance  In  this  cast. 

The  tedlousneso  and  ineffectiveness  of  manually  processing  large  volumes  of 
telemetry  Information  brought  about  the  appearance  of  a  large  number  of  proposals 
for  the  automation  of  this  process.  It  is  possible  to  isolate  two  trends  of  similar 

efforts: 

a)  automation  of  information  readout  (measurement);  b)  automation  of  processing 
the  results  of  measursments . 

With  regard  to  the  readout  of  information  from  different  carriers  (paper,  film, 

and  so  forth),  there  is  extensive  literature  [297],  and  it  is  not  a  complicated 

problem  for  nonlntegrated  recordings.  Telemetry  recordings,  as  a  rule,  are 

Integrated,  i.e.,  they  are  superimposed,  forming  intersecting  lines,  which  complicates 

their  automatic  readout  and  requires  manual  assistance.  At  present  these  problems 

are  being  successfully  solved.  However,  the  most  effective  ppproech  to  recording 

is  on  magnetic  tape,  which  can  be  directly  introduced  into  e  digital  computer. 

Regarding  the  statistical  and  mathematical  processing  of  data  after  manual  measure- 

« 

ment,  punch-card  and  digital  computers  are  now  being  used  extensively. 
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The  obtalraaent  of  e  definite  suit  of  digital  indices  which  characterize  the 
dynamic*  of  physiological  proceaaea  In  the  couraa  of  a  flight  experiment  la  only  an 
initial,  preparatory  atage  for  a  scientific  evaluation  of  the  reaulte  of  the  flight 
axperiaent.  A  thorough  coaparlaon  of  theae  data  with  each  other  and  with  the 
remaining  flight  data  (alcroclUaate  of  cabin,  physical  conditions  at  flight,  radio- 
television  data,  operation  of  spacecraft  aysteaw,  etc.)  la  the  second  atage  of  the 
scientific  evaluation  of  telemetry  data,  aa  a  result  of  which  a  Judgement  can  be 
made  about  the  reactions  of  the  astronaut  to  the  actions  of  a  large  number  factors 
of  apace  flight.  Finally,  the  third  and  concluding  atage  of  evaluation  consists  of 
clarifying  the  mechanisms  and  geneisls  of  the  observed  reactions  and  determining 
ways  of  further  investigation,  including  investigations  in  the  area  of  physiological 
methoda  and  physiological  measuring  systems. 


CHAPTER  4 

DESIGN  PRINCIPLES  OF  PHYSIOLOGICAL  MEASUREMENT  AMP 
INFORMATION  SYSTEMS  FOR  USE  ON  LONG-TERM, 

LONG-RANGE  SPACE  FLIGHTS 

The  development  of  space  research  brought  to  life  various  projects  which 
anticipate  an  essential  Increase  of  the  duration  and  distance  of  flights.  The  task 
of  this  chapter  Is  to  discuss  the  main  design  principles  of  physiological  measurement 
and  Information  systems  of  spacecraft  of  the  nearest  future  on  the  basis  of  numerous 
publications.  Special  attention  is  given  here  to  a  consideration  of  the  methods  of 
medical  monitoring  and  the  methods  of  medical  Investigation.  The  differentiated 
approach  to  each  of  these  groups  of  methods,  depending  upon  the  tasks  and  conditions 
of  the  flight.  In  the  final  result,  also  composes  a  more  expressed  specific  character 
of  future  physiological  measurements  In  space. 

Main  Trends  In  the  Refinement  of  Physiological 
Meeaufi.-neht  Systems  for  Spacecraft 

Flight  experiments  with  animals  and  the  multi-day  flights  of  the  "Vostoks" 
mf.de  it  possible  to  gain  rich  experience  In  physiological  swasureaant  under  the  con¬ 
ditions  of  outer  space.  This  experience  has  been  snmnsrlsed  In  a  number  of  publica¬ 
tions  [6,  81,  289]  and  ways  of  further  Improving  physiological  maasuremsnt  and 
information  systems  for  spacecraft  have  been  based  on  it.  As  already  mentioned,  the 
main  purpose  of  the  physiological  measurements  on  the  "Vostoks"  was  to  provide  flight 
safety  and  conduct  reliable  medical  monitoring.  The  collection  of  scientific 
information  on  the  influence  of  flight  factors  op  an  organism  in  this  sense  was  an 
additional  problem.  Therefore,  the  physiological  measurement  system  was  constructed 
on  the  basis  of  the  following  principles: 

1)  all  sensors  and  alectrodas  should  be  on  the  astronaut's  body  during  the 
entire  flight;  2)  the  transmission  of  physiologicAl  Information  from  tha  sensors  and 
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•Uotrodti  on  the  astronaut  to  ths  on-board  equipment  is  carried  but  through  wires, 

4. a.,  a  special  cable  which  connects  the  epeseaeit  to  the  seat;  3)  the  on-board 
aodleal  equipment  la  controlled  automatically  froa  *  program  device  or  from  Earth; 
t)  Boat  of  the  data  la  recorded  In  the  period  of  direct  coasunicatlon  between  the 
Spacecraft  and  the  ground  points;  5)  all  physiological  information  la  recorded  in 
the  fora  of  oscillogram  subject  to  ettbasfuamt  interpretation  and  analysis. 

The  fulfillaant  of  these  principles  was  stipulated  by  the  design  features  of 
the  on-board  equlpaent  and  the  Information  collection  system,  aa  wall  aa  by  the 
organisation  of  the  operational  nodical  monitoring  In  the  course  of  flight.  However, 
in  the  multi-day  flights  definite  tendencies  were  revealed,  the  development  of  which 
with  the  lncraaea  of  the  duration  of  flight  will  laad  to  a  complete  reconsideration 
of  the  entire  aystem.  Thus,  the  gradual  expansion  of  tha  range  of  physiological 
measurements  from  flight  to  flight  by  means  of  Inatallalng  new  instruments  on  board, 
■’hanging  the  assignment  of  channels,  and  transmitting  several  parameters  on  one 
channel  is  absolutely  obvious.  It  is  absolutely  clear  that  the  tendency  to  increase 
the  number  of  research  methods  will  be  subsequently  retained.  This  la  indicated  by 
the  publication  of  various  proposals  for  programs  of  physiological  measurements  In 
apace  flight.  Some  programs  offer  up  to  10  and  more  methods  [512,  662,  756].  It 
is  quite  possible  that  avan  more  detailed  investigations  of  astronauts  in  flight 
will  be  demanded.  However,  this  will  lead  to  literally  "weighing-down"  the  astronaut 
■>  electrodas  and  sensors  if  the  principles  of  thslr  constant  position  on  the 
ronaut's  body  during  the  entire  flight  are  maintained.  There  are  two  opinions 
■;  this  matter.  Some  authors  consider  the  problems  of  microminiaturization  of 
sensors  and  electrodes  in  order  to  make  them  "inconspicuoua"  to  the  astronaut  and 
to  ensure  prolonged  functioning  without  discomfort  [tlj,  572].  Others  consider  it 
feasible  to  keep  only  a  minimum  of  senaora  and  alactrodes  on  the  astronaut's  body 
to  obtain  lnforaatlon  which  characterizes  the  state  of  his  basic  physiological 
functions  and  afflciency  [669].  The  remaining  sensors  should  be  employed  only  for 
the  purpose  of  obtaining  prognastlc  information  [536,  601].  Some  specially  mention 
methods  necessary  for  monitoring  and  investigation  in  flight  [378], 

In  1961  R.  N,  Bayevskiy  and  0.  0.  Oatenko  proposed  two  Independent  measuring 
systems  for  long-term  and  long-range  flights:  a  medical  monitoring  system  and  a 
medical  research  system  [81], 

The  first  is  Intended  for  ensuring  space  flight  safety  by  means  of  operational 
monitoring  of  the  most  important  physiological  indices.  To  do  this,  a  definite 
minimum  of  sensors  and  electrodes  must  continuously  be  on  the  astronaut  and  the  system 


must  be  ready  to  tranaalt  Information  to  Earth  or  inform  tha  crew  at  any  moment. 

This,  in  the  words  of  Edmund  [413],  la  the  r»o-called  "police  surveillance"  of  the 
aatronaut  or  the  SOS  aervlce, 

The  eecond  system  is  Intended  for  sore  detailed  medical  invest igations  which 
are  conducted  for  dispensary  observation  or  collection  of  acientlflc  information. 

Here  there  should  be  employed  a  system  of  detachable  sensors  and  electrodes  which 
would  provide  considerably  more  extensive  and  diverse  physiological  information 
than  in  the  medical  monitoring  system.  These  sensors  and  slsctrodes  can  be 
independently  attached  by  the  astronauts  at  various  moments  of  flight  by  instruc¬ 
tions  from  Earth  or  according  to  a  special  program.  On  board  there  can  be  reserve 
sets  of  sensors  as  well  as  sets  of  sensors  for  various  purposes  (for  instance ,  for 
.pla.med  and  unplanned  investigation!) .  A  similar  approach  to  the  construction  of 
physiological  measuring  systems  immediately  expands  tha  msthodologlc  capabilities 
of  the  physiologists  working  in  the  field  of  space  medicine  and  permits  the 
application  of  methods  under  conditions  of  space  flight  which  would  be  senseless  to 
use  in  another  approach. 

In  the  flight  of  V.  P.  Bykovskiy  and  V.  V.  Tereshkova,  where  a  large  number  of 
physiological  measurements  was  made  during  the  3-5  day  flight,  the  volusw  of 
physiological  information  proceeding  to  Earth  could  not  be  completely  processed  in 
the  course  of  the  flight,  and  for  medical  monitoring  it  was  sufficient  to  observe 
a  comparatively  small  number  of  the  moat  important  indices.  This  confirms  the 
expediency  of  the  differential  approach  to  physiological  measurements  in  space  flight 
and  the  development  of  Independent  systems  of  medical  monitoring  and  medical  inves- 
tlgations.  A  change  in  the  working  and  living  conditions  of  the  astronauts  in  a 
prolonged  flight,  the  size  of  the  living  and  working  compartments,  the  composition 
of  the  on-board  syatems,  and  the  possibilities  of  transmitting  information  to  Earth 
(a  sharp  decrease  in  carrying  capacity  of  the  channels)  will  lead  to  an  essential 
change  in  the  requirements  of  ths  physiological  measurement  system.  Among  these 
requirements  are  the  following: 

a)  the  necessity  of  releasing  the  astronaut  from  constantly  wearing  BK>st  of 
the  sensors  and  electrodes) 

b)  the  necessity  of  releasing  the  astronaut  free:  constant  wire  communications 
with  the  on-board  equipment; 

c)  making  it  possible  to  record  physiological  data  under  "rest"  conditions  of 

the  astronaut,  when  he  is  not  comnlcatlng  with  Barth  and  not  operating  the  spacecraft 
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•qnlpaant,  1.*.,  In  the  period  between  of  telemetry  transmissions  i 

«)  pmisiDK  for  the  feasibility  of  aaasi  control  of  the  medical  equipment  and 
motive  participation  in  carrying  ovt  investigational 

•)  th«  solution  of  th«  problan  of  "compression*  of  tha  biomedical  data  trans¬ 
mitted  to  Barth  by  eliminating  excess  Information  for  data  transmission  on  channels 
tilth  sharply  1  lad  tad  carrying  aapaoitl aat 

f)  providing  far  automatic  signalling  to  Barth  and  tha  craw  in  case  of  the 
appearance  of  conditions  dangerous  for  Ufa  and  health. 

In  tha  realisation  of  these  requirements  me  encounter  the  necessity  of  introduc¬ 
ing  new  slssMnts  and  unite  into  future  physiological  measurement  and  Information 
systems  on  spacecraft. 

The  provision  for  medical  monitoring  under  conditions  of  free  movement  of  the 
astronaut  inside  the  spacecraft  cabin  involve#  the  application  of  a  radio  link  for 
transmitting  information  from  the  electrodes  and  sensors  on  the  astronaut's  body  to 
the  on-board  equljmant .  Similar  arrangements  are  called  dynamic  telemetry  systems, 
and  lr.  space  medicine  are  known  as  "minor’'  tel  sms  try  (in  distinction  from  "major" 
telemetry,  "spacecraft-to-Earth") . 

The  development  of  a  medical  resaarch  system  will  make  It  possible  to  "unload" 
the  astronaut  of  a  large  number  of  sensors  and  alactrodes  on  his  body.  Most  of  them 
will  be  Independently  attached  by  the  astronaut  for  the  time  of  the  investigation. 

.is  will  demand  his  active  participation  in  the  swdlcal  investigation:  manual 
art-stop  operation  of  the  equipment,  installation  and  removal  of  the  sensors,  and 
orformance  of  functional  testa  on  a  strict  time  schedule. 

The  realisation  of  investigations  in  the  period  between  telemetry  communications 
will  become  possible  only  if  the  spacecraft  has  powerful  memory  units  or  digital 
computers  (UN)  [TsVM]  on  board.  The  necessity  of  an  on-board  digital  computer  is 
also  dictated  by  the  task  of  "compressing"  the  medical  information  for  its  trans¬ 
mission  to  Earth  through  channels  of  limited  capacity,  for  automatic  signaling  of 
dangerous  situations.  Issuing  recommendations,  and  also  for  solving  many  other 
problem*  of  astronautics. 

Later  we  shall  present  data  on  Investigations  devoted  the  search  the  most 
rational  ways  of  creating  certain  new  elements  of  physiological  measurement  and 
information  systems:  intracabin  radio  links,  medical  investigation  systems,  and 
devices  for  automatic  processing  of  physiological  Information.  These  elements, 
together  with  the  cnes  already  considered,  are  the  objects  of  a  qualitatively  new 
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physiological  nsasuresmnt  and  lnfoma- 
tlon  lyitn.  The  structure  of  this 
system  Is  represented  In  Fig.  23. 

As  can  be  seen,  the  system  is  characteri¬ 
sed  by  a  large  number  of  various  direct 
and  reverse*  afferent  and  efferent, 
coamunioatlacvs.  A  physician  on  Barth 
can  obtain  Information  during  a  commu¬ 
nication  period  or  from  a  memory  unit 
directly  from  the  astronaut  in  the  form 
of  an  oscillogram  or  a  special  on-board 
digital  counter  in  the  form  of  digits 
and  code  combinations.  The  astronaut 
controls  the  communications  equipment 
end  the  mediaal  research  unit,  and 
obtains  information  from  Barth  as  well 
as  from  the  special  digital  computer. 
Owing  to  the  application  of  the  special 
digital  computer,  operational  medical  monitoring  with  recommendations  made  to  the 
astronaut  can  be  accompllahed  practically  without  delay,  and  problems  of  diagnostics 
and  prognosis  can  be  solved  on  Barth  directly  in  the  courae  of  flight  in  periods 
from  several  minutes  to  several  hours.  Thus,  an  increase  of  the  duration  and  distance 
of  flights  will  lead  to  a  further  increase  In  the  diagnostic  effectiveness  of  the 
physiological  measurement  end  information  system  at  the  expense  of  making  it  more 
complicated  and  introducing  new  elements  into  it. 

e 

Intracabin  Dynamic  Telemetry  as  a  Basis  for 
medical  Monitoring  system! 

At  present,  the  system  of  sensors  and  electrodss  cn  an  astronaut  Is  connected  to 
the  measuring  end  amplifying  devices  on  board  the  spacecraft  by  means  of  a  special 
cable.  This  cable  to  a  known  degree  limits  the  mobility  of  the  astronaut,  as  if 
"attaching  him"  to  the  biotelemetry  equipment  on  board.  During  free  "floating"  In 
the  "VbatokV  cabin,  the  astronauts  ware  forced  to  disconnect  the  cable  connecting 
them  to  the  on-board  equipment  and,  thus,  in  this  period  of  time  physiological 
information  did  not  enter  the  measurement  system. 

An  increase  of  the  duration  and  range  of  epaoe  flights  will  lead  to  a  radical 
change  in  the  design  of  living  quarters  of  spacecraft.  An  increase  in  crew  strength 
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Fig.  23.  Block  diagram  of  on-board 
section  of  a  physiological  measurement 
and  information  system  used  for  long¬ 
term  and  long-range  space  flights  and 
distance.  (M)  [M]  -  man#  (uWY  [MB]  — 
medical  monitoring  system)  (Of!) 

[HRS]  -  medical  reoearch  system;  TV  - 
television)  (Acs)  [CB1  -  communications 
equipment)  (RpkO)  [CR]  -  command  receiver] 
(PTC  (5)  [OBTE]  -  on-board  telemetry  system) 
(C10SO  [SDC]  —  special  digital  computer . 


S3£  the  of  swl mwi  flight  lMd  to  tM  oqpMlMtlon  of  appropriate 

'(pui*  living,  Ptrti  of  which  At  pwiint  art  difficult  to  predict.  However,  it  1« 
el Mr  that  an  astronaut  all!  move  freely  through  the  sections  of  the  spacecraft  and 
■111  not  ba  wired  to  the  on-board  equipment.  At  the  eeaa  tins,  in  each  space  flight, 
«al  eepealelly  thoaa  on  now  route* ,  there  will  r—aln  the  danger  of  unexpected  effects 
(Mteorle  itiM,  ooaalo  radiation,  sad  n—rf  etUl  — factors),  and  also  the 
huge  dependence  of  the  crew  on  the  condition#  of  the  internal  atnoephere  of  the 
oraft.  Therefore,  there  will  be  denaoded  periodic  and.  In  certain  phases  of  flight, 
continuous  nedleal  monitoring  of  arse  members.  The  nrlsst  repair  operations  to  a 
craft  in  apace  obviously  will  also  be  dene  under  nodical  control. 

Thus,  it  1*  necessary  to  develop  blotelcaotry  ayotona  which  will  ensure  the 
recording  of  the  noct  important  physiological  par— tars  aadsr  the  conditions  of  free 
novensnt  of  nan. 

The  solution  to  tnio  problem  will  rs^ulwg  the  tiaaweftesien  of  information  from 

a . 

nan  to  the  on-board  squlpaent  through  a  radio  channel,  which  will  lead  to  the  crea¬ 
tion  of  lntracabln  dynamic  telemetry  systems.  Sere  there  arise  both  technical  and 
medical  problaM  which  are  closely  interrelated.  The  basic  requirements  of  a  similar 
lntracabln  systM  consist  of  the 'following: 

1)  the  equipment  placed  on  the  astronaut  must  have  minimum  weight  and  dimensions 
with  maximum  time  of  continuous  operation  without  replacing  supply  sources; 

2)  there  must  be  stable  recaption  of  signals  in  any  relative  position  of  the 
astronaut  and  receiving  antennas  Inside  the  cabin  or  compartments  of  the  spacecraft; 

5)  the  system  of  electrodes  and  sensors  on  the  astronaut  must  not  Interfere 
with  his  activity  and  must  not  cause  discomfort  In  a  prolonged  flight; 

4)  there  must  be  qualitative  recording  of  basic  physiological  functions  under 
conditions  of  vigorous  activity  of  the  astronaut. 

Systems  of  "minor"  telemetry  must  be  multichannel  since  reliable  medical 
monitory  requires  simultaneous  recording  of  several  physiological  parameters.  The 
minimum  number  of  parameters  is  determined  from  two  circumstances i  the  possibility 
of  providing  sufficiently  qualitative  recording  of  a  parameter  under  conditions  of 
active  behavior  of  the  subjeat  and  its  diagnostic  value,  he  can  cite  many  physio¬ 
logical  parameters  whose  recording  la  theoretloally  necessary  and  expedient  for  medi¬ 
cal  monitoring:  electroencephalography  (delta-waves  in  syncopal  states),  sphygmo- 
graphy  (low  pulse  rate  during  collapse),  arterial  osclllography  (pressure  drop 
dur.ng  shock),  oxyhemography  (decrease  In  oxyhemoglobin  saturation  of  blood  during 


-104- 


hypoxia),  and  ethers,  However,  practically  at  the  present  time  on  the  contemporary 
level  of  technology  none  of  these  methods  can  be  used  in  the  medical  Monitoring  spates 
on  a  spacecraft.  On  the  other  hand,  there  are  many  physiological  parameters  which 
can  be  successfully  recorded  during  vigorous  activity  under  conditions  of  frss 
movement.  These  Include  pulse  rate  and  EKQ  [40,  184,  216,  261,  514  ,  546  ,  577  .  504, 
505,  777),  elsctrosiyogram  [98,  226),  body  temperature  [97.  514),  and  pulmonary 
ventilation  [40,  184,  216,  262,  546). 

At  present  we  can  cite  only  a  tentative  set  of  physiological  methods  which 
satisfy  both  conditions  (the  possibility  of  qualitative  recording  and  the  diagnostic 
value).  Table  7  presents  data  on  the  methods  and  measured  parsmstsrs  which  cen  be 
recommended  in  the  design  of  medical  monitoring  systems  for  spacecraft . 


Table  7.  Physiological  Methods  for  Nsdical  Monitoring  Under  Conditions  of  Bpaci 

Plight  ^ 


Elect  roc  ardiography 
Pneumography 
Skin  thermometry 
Actography 

Measurement  of 
galvenic  skin 
reflex 

Pericardial 
ballistocardio¬ 
graphy  (selsao- 
c ardiography) 

Recording  of 
conditioned  motor 
responses 


Pulse  rate 
Respiratory  rats 
Skin  tsmperature 
Motor  activity 

Xlectrlcal 
resistance  of 
skin 

Mechanical  work 
of  heart 


Latent  period  of 
conditioned 

response 


20-500  per  minute 
6-120  per  minute 
20-40° 

0-500  movements 
per  minute 

500-100,000  ohms 
5-30  wsy'sec2 


0.1-2  sec 


The  table  also  shows  ths  limits  and  accuracy  of  measurements.  These  data  must 
be  considered  In  the  development  of  minor  telemetry  systems  as  well  as  when  designing 
on-board  systems  of  connscted  te  the  intracabin  radio  hookup  (on-board  telemetry  system, 
memory  units,  coaputer  units,  etc.). 

Multichannel  systems  of  dynamic  telemetry  can  be  designed  according  to  two 
principles!  with  chatmtl  multiplexing  in  the  transmitter  and  transmission  ci  all 
parameters  on  one  carrlsr  frequency  with  appropriate  separation  of  channels  at  the 
receiving  end;  with  autonomous  transmission  and  reception  of  information  for  each 
parameter. 

* 
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with  lnfoimtlon  multiplexing  own  b.  built  on  th.  b*U»  of  tlm.  or 
Npmtlo.,  and  mo  *  of  C«M»4  tim—UMlon  of  ..v.r.1  (autln- 


gulahod  bp  fr*«u«no7  epaetnO  parameter.  on  on.  ohannel. 

irUf  script  lone  or*  giv«n  b*A“*  Qf  «ip.rlm.ntal  m*tm»  of  dyn»lc  t.i.m.try 
VlOeh  mn  emttd  for  thm  pm****  of  ptmctiaal  v.rlfl..Uon  of  th.  dlfforont  d..ign 
principled  of  .pilpwt  f**  •oaltort^ 

.lmultaneou.  troniBlMlon  of  four  parameter.  t*0],  Th.  ln.tru.ont  ho.  channel.  for 
tnnniwloD  of  thm  typo,  of  information.  eontiwoua  rapidly-changing  .lgn.1.  in 
»  limlt.d  fiaguancy  .pootru.  (for  lMtano.,  SB  traMmteeion  for  monitoring  puloo 
r.t.)  constant  iavel  Mid  .lemly-ehmnglng  atroaMO  (for  inatencs,  .kin  r..iatanc., 
body  t.mpa*atur.),  and  of  tb.  for.  "yd*  -  *»"  (contMit  ■•nsors). 


Pin,  at.  Block  diagram  of  blotelamatry  .y.t«»  with 
fr.gu.ncy  ..paretion  of  channels.  fl  —  ^tr.n, 

■ubc.rrl.r-fr.gu.ncy  oaclllatorai  2  -  odder;  n.p  —  trans¬ 
mitter;  lip  —  receiver. j  •  —  filter. ;  A«M  —  d.tactor., 

_  ....  . _  on  iumHfldrt  signals 

A  block  diagram  of  a  telemetry  Aina  is  given  A“  ***•  — •" - 

from  the  .l*ctrod..  and  ..n.or.  are  •mplitud.-modulmt.d  by  th.  .ubc.rrl.r-fr.qu.ncy 
oscillator,  tb.  total  signal  of  which  In  turn  fregu.ncy-modul.tes  the  carrier-frequency 
osclllator-radlo  trananitter  (AM-FM  lyitm).  At  th.  output  of  th.  receiver  of  the 
fr.quercy-modulat.d  .lgnal.,  th.  .ubc.rrl.r  fr.gu.ncie.  er.  separated  by  filters 
«nd  then,  by  mean,  of  amplitude  detection,  voltage*  .«*  obtained  which  are  propor¬ 
tional  to  the  measured  parameters.  Th.  glv.n  »y.t«  wa.  twted  under  laboratory  end 
clinical  condition..  Pul.,  rat.  (electrocardiogram)  wa*  worded  by  means  of  a 
cheat  harness  with  .l.ctrodes  .ttach.d  In  th.  fifth  lnt.rco.tsl  .pace  on  the  left 
„d  on  the  right  along  the  central  armpit  lln.  (DS  lead),  contact  respiration  end 
movement  .onsors  mounted  on  a  belt,  and  thermistors  .titch.d  to  .  strap  eystem.  A 
transmitter  Mid  antenna  In  th.  form  of  a  conductor  approximately  1-m  long  were  placed 
on  the  eubject.  Recording  waa  performed  under  condition,  of  vigorous  activity  of 
the  subject  at  a  dlatanc.  of  several  meter,  from  th.  receiving  ent.nna.  The  weight 
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of  All  th«  equipment  on  the  test  subject, 
Including  supply  sources  designed  for 
continuous  operation  for  several  days, 
does  not  exceed  l  kg.  Figure  25  shoes 
a  photograph  of  the  transmitter  and 
receiver  of  the  described  system. 

Combined  transmission  of  two  para¬ 
meters  on  one  channel  was  carried  out 
with  the  aid  of  a  KPI1-2  [KRP-2]  Instru¬ 
ment  which  was  developed  by  the  Sverdlovsk 
blotelemetry  group  (216).  The  instrument 
was  modified  with  respect  to  dimensions 
and  power  consumption.  By  doing  this. 

It  was  possible  to  achieve  continuous 
operation  of  the  Instrument  for  twenty- 
four  hours  without  replacing  the  supply 
source  with  a  tots.  weight  of  no  more 
than  500  g  (A.  A.  Bessonov).  Data  was 
recorded  by  a  (4IWJI-7)  [4PFD-7]  and  a 
simple  UHF-recelver  with  a  superregeneratlve  circuit  (P.  Ignatenko).  The  instrument 
waB  tested  by  I.  P.  Neumyvakln.  After  connecting  the  EKO  electrodes  (In  the  DS  lead) 
to  the  amplifier  input  and  the  contact  respiration  sensor  to  the  multivibrator  circuit 
(function  converter),  recordings  were  obtained  which  clearly  noted  the  pulse  and 
respiratory  rates.  Stable  recordings  were  obtained  at  distances  up  to  50  m  (Fig.  26). 

rt~n  nmininn'timiiiTr  tit  nr 
*» 

Fig.  26.  Corablne4  recording  of  pulse  and  respiration 
obtained  with  the  kid  of  a  modified  KRF-2  instrument  at 
distancae  of  IQ  (a)  and  60  (t)  a. 

Time-division  multlplaxlnm  for  rapidly  varying  signals  with  small  transmitter 
size  and  weight  la  technically  difficult  to  accomplish.  Howsver,  for  prolonged 


Fig.  25.  Telemetry  system  with  frequency 
separation  of  channels,  pep  —  trans¬ 
mitter;  npu  —  receiver. 
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observation  of  the  physiological  systems  of  the  organism  under  conditions  of 
stationary  steady -state  regimes  (for  instance,  in  a  multi-day  orbital  flight), 
consecutive  recording  of  parameters  Is  permissible  and  expedient.  The  frequency 
of  channel  snitching  Is  then  selected  within  the  limits  defined  by  the  medical 
monitoring  tasks.  Consequently,  it  is  than  possible  to  use  long-period  systems  with 
time  separation. 

We  formulated  the  requiretMnte  for  two  types  of  such  systems i  with  automatic 
and  manual  switching. 

The  eyetem  with  automatic  switching  is  intended  for  the  consecutive  transmission 
of  three  parameters,  e.g.,  electrocardiogram,  eelsmcseardiogrem,  and  respiratory  rate 
(contact  sensor),  or  other  parameters  with  analogous  frequency  spectra.  An  electronic 
switching  circuit  lo  employed,  and  a  transmitter  with  crystal  control  and  amplitude 
modulation  la  used  (104],  Its  range  1s  8-10  m  (operation  was  conducted  on  radio 
frequencies  on  the  order  of  200  ho).  The  weight  of  the  transmitter  is  approximately 
800  «.  The  frequency  of  automatic  switching  in  an  assembled  prototype  of  the 
instrument  was  selected  vithin  the  limits  of  5-6  per  minute.  R.  V.  Unthin  employed 
tiling  mechanism  for  switching  two  parameters  [254]. 

The  method  of  manual  switching  was  applied  in  a  single-channel  multipurpose 
telemetry  system  which  made  according  to  our  specifications  at  Sverdlovsk  for  the 

consecutive  transmission  of  data 
during  prolonged  observation 
[505],  The  instrument  was 
assembled  on  the  basis  of  a 
(PSKs-l)  [REK-i]  system  |2l6].  Crystal 
frequency  control  is  used.  The 
range  of  operating  frequencies  is 
55-45  Me.  The  system  is  FM-FM, 

The  amplifier  has  an  Input 
impedance  of  several  kilohms  and 
a  sensitivity  of  the  order  of 
50  uv  per  mv  of  receiver  output  voltage  during  op-ration  at  dlstancee  of  10-20  m.* 

The  instrument  has  10  inputsamd  a  manual  switch  (the  11th  position  is  used  to  supply 
a  control  signal  of  100  uv  to  the  amplifier  input).  The  frequency  band  of  the 
amplifier  Is  from  0.5  to  40  cps.  The  unplitude  difference  between  input  sign&lB  of 


1 


tm  f' 

Fig.  27.  Sampler  of  recordinga  of  selemocardio- 
gnus,  electrocardiogram,  electroencephalogram, 
electromyogram,  aphygmogram  and  else  tr ^oculogram 
with  the  aid  of  a  a ingle- channel  multipurpose 
telemetry  system  with  manual  switching. 


!<ff— JL/V-h.  .JtA. 


•The  *y:  tem  usee  a  standard  (APC )  [APS  J  receiver 


the  various  sensors  is  removed  by  the  application  of  appropriate  voltage  dividers. 

Figure  27  illustrates  samples  of  recordings  of  physiological  parameters  tbt 
were  obtained  with  the  aid  of  the  above-described  multipurpose  system.  Figure  28 
shows  the  transmitter,  receiver,  and  EKG  recorder. 

Autonomous  transmission  of  physiological  data  on  divided  telemetry  channels  with 
their  separate  reception  has  definite  technical  advantages  and  disadvantages.  The 
physiologist  will  be  interested  on  the  low  probability  of  channel  Interference,  and 
also  in  the  known  autonomy  of  tuning  of  the  receiver  with  respect  to  each  recorded 
parameter. 

A  system  with  autonomous  transmission  can  be  easily  constructed  by  means  of 


the  structural  connection  of  several  single-ehannel  systems,  e.g.,  ones  similar  to 


the  ..bove-described  multipurpose  instrument.  Crystal  frequency  control  has  an 
important  value  here  in  providing  stability  of  recordings. 


Fig.  28.  Multipurpose  single-channel  blo- 
telemetry  system  with  manual  switching, 
nep  —  transmitter;  npii  —  receiver;  P  —  EKG 
recorder. 
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Fig.  29.  Samples  of  recordings 
obtained  with  the  aid  of  a  blotele- 
Mtrlc  system  with  autonomous 
channels.  8KT-  slsctrmcsrdlogrsm; 
CKT  —  stlsmocardiogram. 
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A  special  experimental  Instrument  was  constructed  for  the  transmission  of  three 
parameters  (V.  R.  Freydel',  1.  P.  Sazonov,  et  al).  This  instrument  is  designed  to 
record  electrocardiograms,  seismocardiograms ,  and  respiratory  rate  (contact  sensor) 
or  signals  with  a  similar  frequency  spectrum.  Frequency  control  both  in  the  receiver 
and  in  the  transmitter  is  crystal.  The  frequency  range  is  5-10  Me.  The  transmission 
range  is  up  to  10  0.  The  weight  of  the  transmitter  is  300  g  (without  supply  sources). 
Samples  of  recordings  obtained  with  the  described  system  are  represented  in  Fig.  29. 

Power  supplies  and  design  features  of  certain  systems.  All  the  enumerated 
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♦elematry  devices  with  respect  to  the  principle  of  their  power  supply  refer  to 
•yetema  Mltb  self-contained  power  supplies.  Usually  be. series,  **  we  know,  have  « 
finite  service  life  end  require  periodic  replacement,  or  recharging.  Therefore,  the 
Idee  of  the  possibility  &f  dropping  our  concern  for  power  supplies  of  telemetry 
transmitters  on  astronauts  Is  very  tempting.  This  is  important  also  from  the  point 
of  ml em  ef  ensuring  reliability  of  medical  monitoring  sines  unlimited  recording  of 
phayiologlcel  functions  will  becoaw  possible  under  any  conditions,  even  if  the 
astronaut'  cannot,  for  one  reason  on  another,  replaee  or  recharge  the  power  supply 
of  the  transmitter.  Besides  self-contained  power  euppliee,  there  are  two  more  methods 
of  ob  aiming  power  for  a  telemetry  device  that  is  located  on  an  astronaut.  The  first 
method  le  an  asternal  supply  which  gets  its  powtr  from  a  specially  crested  artificial 
electromagnetic  field.  The  second  method  is  tbs  conversion  of  biological  processes 
into  electrical  energy. 


Vlg.  JO.  r-ansml t ter* sensor  developed  by  Lear  Inc. 

(I960).  HB  —  power-rectifier  receiver*  HC  —  signal 
transmitter;  M  -  modulator;  yCTB  —  sensor  amplifier; 

0  -  transmitter-sensor  envelope;  311  —  protective 
covering  of  sensor;  T  —  thermistor. 

Power  supplies  that  receive  energy  from  an  electromagnetic  field  are  used  in  a 
great  deal  of  American  developments.  For  Instance,  Lear  Inc.  developed  a  12-channel 
telemetry  system  with  an  inductive  power  supply.  Each  sensor  is  in  the  form  of  an 
Independent  transceiver.  It  consists  of  its  own  sensor,  amplifier,  generator, 
receiving  loop,  and  rectifying  circuit  (Fig.  JO).  The  transmitter 'BenBor  has  small 
dimensions  and  la  placed  directly  on  the  subject's  body.  The  on-board  generator, 
which  seta  up  an  slectromagnetlc  field  to  supply  the  transmitter- sensors,  operates 
consecutively  on  12  frequencies.  Each  frequency  {f  -  f^g)  corresponds  to  a  specific 
•ensor  (Fig.  51);  fQ  is  the  frequency  of  the  receiving  loop.  Transmission  and 
reception  of  physiological  information  is  done  on  one  frequency.  Thus,  the  described 
system  operates  as  1/  on  the  principle  of  time-division  multiplexing,  since  the 
transmitter-eensore  are  actuated  by  "commands"  f^om  tha  on-board  generator  in  a 
definite  time  eequemc*.  The  twitching  frequency  can  be  selected  in  a  range  of  a  few 


seconds  for  series  recording  of  physiological  data,  as  well  as  in  a  range  of  micro¬ 
seconds,  which  ensures  practically  parallel  recording  of  the  investigated  functions 


y 


Fig.  Jl.  Block  diagram  of  12-channel  biotelemetry  system 
with  inductive  power  supply  developed  by  Lear  Inc  (i960), 
n  —  converter  (aensor)  /  —  amplifier;  B  —  rectifier;  M  — 
modulator;  UPA  -  transmitter;  IEPW  -  receiver;  JIM  -  demodu¬ 
lator;  Mil  —  power  Bource;  T  —  generator;  CT  —  synchronising 
generator;  KJ0I  —  12-channel  generator-demodulator;  1-12  — 

a. nMnil  pw  Man  •  #  Fnmrti  1SMO V  ftrtMAr 

,XOUSOH1XV-  to/  -BOUoOi  O  Own;  “  *  • v  r-r - 

generator  for  feeding  tranamitter-sensors;  fQ  —  operating 
frequency  of  transmitter-sensors. 


In  our  opinion  the  inductive  method  of  supplying  power,  which  requires  considera¬ 
ble  radio  emission  outputs,  is  not  very  suitable  for  investigations  of  a  human  being 
in  a  spacecraft.  First,  it  does  not  exclude  the  unfavorable  effect  of  an  electro¬ 
magnetic  field  on  a  living  organism.  Secondly,  the  creation  of  an  electromagnetic 
field  requires  very  considerable  power  consumption.  Efficiency  is  then  extremely 
low.  An  inductive  power  supply  system  is  applicable  only  for  invest igat lone  with 
animals  (biological  indication),  and  even  then  mainly  for  lsg>lanted  systems  under  the 
condition  of  periodic  recharging  of  the  storage  batteries  located  inside  the  organism. 

The  method  of  biological  power  supply  is  promising,  i.e.,  the  use  of  the  energy 
of  the  actual  subject  of  investigation.  First  of  all  we  should  mention  the  well-known 
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"•oldier-motor,*  i.t.,  an  electric  generator  that  la  actuated  toy  means  of  turning  a 
handle  or  pedala.  Such  "biological"  sources  of  energy  were  Included  m  the  equipment 
of  certain  armies  In  the  period  of  the  Second  World  War. 

It  is  quite  natural  to  plan  for  the  use  of  human  muscular  force  for  "generating" 
a  deflnlta  amount  of  alactrlc  power  on  a  spacecraft.  There  already  exist  correspond- 

e 

lag  calculation#  with  respect  to  the  "economy"  of  muscles  as  e  source  of  electrical 
energy  [578].  Thus,  for  Instance,  it  would  be  quite  reasonable  to  simultaneously 
use  physical  exercises  and  special  loads  on  a  draft  for  recharging  the  on-board  power 
sources.  However,  the  problem  of  providing  energy  for  the  biotelemetry  Instruments 
placed  on  an  astronaut  Is  very  complicated.  It  requires  the  solution  of  at  least  two 
problems: 

find  effective  methods  of  converting  biological  processes  into  electrical  energy; 

develop  highly  economical  amplifying  and  transmitting  radio  clrcultB  with  respect 
to  power  consumption. 


Table  8.  Feasibilities  of  Using  Biological  Energy  as  the  Power  Supply  for  Telemetry 
Devices 


Biological  process 

. 

Method  of  conversion 

Publications  on  experi¬ 
mental  tests  of  given 
type  of  converter 

Muscular  activity  (motor 
activity) 

Piezoelements  implanted  In 
muscle  mess 

Long  [606] 

The  same 

Seismic  motion  transducer 
with  piezoelectric  converter 

Long  [814] 

Flood  circulation 

Plezoelement  implanted  In 
wall  of  aorta 

Myers  [642] 

bioelectric  processes 

Direct  tapping  of  electri¬ 
cal  energy 

Reynolds  [672] 

Oxidation  of  organic 
matter 

Biochemical  fuel  cells 

Wolff  [780] 

Konikoff  [574 

Respiration 

Chest  movement 

— 

Metabolism  (heat  regulation) 

Temperature  difference  at 
various  portions  of  the  body 

__ 

Speech 

Body  and  air  vibrations 

Cited  in  [192] 

Table  8  presents  data  on  the  possible  ways  of  obtaining  electrical  energy  by 
means  of  the  conversion  of  various  processes  of  vital  activity. 

Figure  51  represents  the  circuit  of  Long's  seismic  transducer  for  converting 
motion  Into  electrical  energy  1814].  The  transducer  was  used  for  supplying  power 
to  a  miniature  telemetry  transmitter. 


•Usually  a  foot-operated  generator  [Tr.  Ed.  note]. 
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The  transducer-transmitter  consists  of  a 


seismic  weight  secured  by  two  springs  and 
connected  to  plezoslements.  The  electronic 
circuit  includes  s  resonance  transformer, 
diode  rectifier  with  filter,  and  a  tunnel-diode 
high- frequency  generator.  A  description  of 
soae  other  biological  power-supply  devices  for 
Implanted  systems  Is  given  In  the  next  chapter. 

There  Is  one  more  way  of  increasing  the 
period  of  continuous  operation  of  teleaetrlc 
transmitters  without  replacing  the  power 
sour  es.  This  is  done  by  Increasing  the  operational  economy  of  biotelemetry  systems 
by  means  of  improving  the  research  procedures.  We  are  thinking  in  terms  of  the 
reasonable  selection  of  work  cycles  of  a  system,  inasmuch  as  It  is  not  always  necessary 
to  have  continuous  control.  Thus,  under  conditions  of  prolonged  orbital  flight  it 
is  apparently  quite  permissible  to  periodically  connect  the  medical  monitoring  system, 
e.g.,  for  5  minutes  every  hour.  This  gives  a  12-fold  gain  in  the  power  resource  of 
the  biotelemetry  ayetem,  l.e.,  a  aalf -contained  power  source  designed  for  continuous 
operation  for  3  days  with  such  cyclical  operation  can  ensure  medical  monitoring 
for  36  days.  Start-atop  operation  of  the  biotelemetry  transmitter  can  be  done 
manually  or  automatically.  In  the  last  case  it  is  most  economic  to  use  a  timing 
mechanism;  we  can  also  use  remote  automatic  switching  by  means  of  supplying  a 
powerful  radio  signal  which,  by  acting  upon  the  receiving  antenna  and  detector  > 
circuit,  causes  the  relay  of  the  power  source  to  close.  Control  of  the  telemetric 
transmitter  is  possible  also  by  means  of  biological  signals  (see  the  section  In 
this  book  entitled  "Biocontrol, "  Chapter  6). 

Finally,  we  must  mention  the  efforts  in  the  field  of  so-called  "magnetic 
telemetry"  the  pioneer  of  which  in  the  USSR  1b  B-  V.  Panin,  who  constructed  a 
capsule  for  studying  lntentinal  peristalsis  in  sheep. 

B.  V.  Panin's  capsule  consists  of  an  A-F  oscillator  with  an  RC  circuit  on  a 
ferrite  rod  and  a  self-contained  power  source.  The  work  of  the  oscillator  can  be 
detected  with  the  aid  of  a  loop  antenna  and  a  low-frequency  amplifier  at  distances 
of  several  meters.  By  changing  the  inductance  of  the  circuit  by  means  of  bringing 
the  ferrite  plate  attached  to  the  diaphragm  of  the  capsule  near  to  the  ferrite  rod, 
it  Is  possible  to  record  displacements  of  up  to  0.05  mm. 


fiinRn  ^ 

Fig.  32.  Conversion  of  biologi¬ 
cal  energy  (motion)  In  electrical 
energy.  —  motion  transducer; 

m  -  weight  attached  to  two  springs 
(see  circuit,  bottom  right);  llltp  — 
piezocrystal  connected  to  weight; 
Tp  —  transformer;  B  —  rectifier; 
r„  -  oscillator.  The  electrical 
circuit  is  shown  at  bottom  left 
(Long,  1962). 
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In  cooperation  with  B.  V.  Panin,  m«  developed  a  system  for  respiration  recording 
on  the  baala  of  this  principle.  It  la  possible  to  use  both  the  principle  of  the 
contact  pickup  and  the  principle  of  the  change  In  perimeter  of  the  chest.  In  the 
first  case  the  respiratory  process  controls  tha  starting  and  stopping  of  the  oscilla¬ 
tor]  In  the  second  cass  the  ferrite  plate  la  the  Movable  element  of  a  conventional 
respiration  transducer  stole*  is  placod  on  the  sheet.  The  lew-frequency  amplifier 
with  the  look  antenna  has  an  output  at  a  loudspeaker  (for  audio  aonltoring)  and  at 
a  recording  instrument  (KKQ)  or  et  a  vectoreardioacope  for  visual  observation  of 
respiration  signals. 

A  very  Important  problem  in  the  construction  of  "minor"  telemetry  devices  le  the 
miniaturisation  of  equipment,  which  is  eloeely  related  to  power-supply  economy.  At 


present  the  spacing  of  elements  in  special  equips  nt  la  up  to  10  per  csri  however, 

in  the  very  near  future  It  will  be  possible  to  construct 
systems  with  spaaing  of  up  to  1000  elements  per  cm-5 
[565]. 

The  miniaturisation  of  biomedical  equipment  is 
being  worked  on  by  a  large  number  o*  foreign  firms: 
Martin  [4*2],  Ouldon  [773],  Douglas  [572],  Boeing  [413], 
North  Am.  Inc  [467]  and  others  [446,  572].  Various 
miniature  blotelesMtrlc  systems  have  been  developed 
for  installation  on  a  human  or  an  animal  (Fig.  3?) 

[24,  242,  279.  332,  389,  413,  781,  621,  714,  742,  718, 
793,  364].  One  of  these  Bystems  Is  being  used  for 
rescue  operations  [810}. 

A  three-channel  system  for  transmitting  pulse, 
respiration,  and  body  temperature  with  a  weight  of 
approximately  150  g,  wee  described  by  Marko  [620]. 

A  600-gram,  200-microwatt ,  12-channel  system  with  an  electronic  transmitter  was 
reported  on  at  the  instrumentation  automation  conference  In  Los  Angeles  in  1961 
[403].  one  of  latest  developments  is  a  tunnel-diode  transmitter  with  an  Input 
sensitivity  of  5  pv.  Its  weight  is  3  g  and  Its  dimensions  are  1.2  x  1.2  x  0.8  cm 
[751].  An  Interesting  report  was  given  on  a  system  for  telemetric  EKQ  transmission 
made  in  the  form  of  a  fountain-pen  [806], 

Many  researchers  consider  the  microminiaturisation  of  equipment  to  be  one  of 
the  basic  conditions  for  the  ddveXgpment  of  biomedical  technique  In  astronautics 
[446,701]. 


Fig.  33.  Miniature  trana 
raltter  placed  on  the  head 
of  a  cat  (Flschler  et  al, 
1961). 
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Methodological  problem*  of  "minor"  telemetry  also  are  ol  Importance.  Prolonged 
medical  monitoring  under  conditions  of  free  movement  Is  possible  only  In  the  complete 
absence  of  discomfort.  An  astronaut  should  not  feel  any  Inconveniences  from  the 
equipment  or  sensors  placed  on  him.  The  sensors  and  electrodes  should  be  natural 
parts  of  the  astronaut's  clothing,  such  as  a  watch,  belt,  or  shirt.  Therefore, 
research  in  the  field  of  dyruualc  biotelemetry  also  should  be  conducted  towards  the 
development  of  systems  for  attaching  electrodes  and  sensors,  e.g.,  sensors  built 
Into  the  clothing. 

Systems  of  dynamic  ("minor")  telemetry  are  very  Important  to  the  development 
of  space  biology  not  only  with  respect  to  providing  reliable  medical  monitoring  In 
flight,  but  also  for  solving  a  number  of  research  problems.  After  all,  It  le  known 
tha.  physiological  reactions  at  raat  considerably  differ  from  reactions  during  the 
performance  of  work. 

Sports  medicine,  the  physiology  of  work,  and  clinics  are  beginning  to  extensively 
use  biotelemetry  for  studying  physiological  states  in  dynamics.  It  is  clear  that  the 
investigation  of  a  human  being  under  dynamic  conditions  for  a  long  time  under  the 
Influence  of  unuaual  factors  (weightlessness,  cosmic  radiation,  rotation)  la  of 
extreme  scientific  and  practical  Interest. 

It  is  possible  to  assume  that  systems  of  "minor"  telemetry  will  become  an 
inalienable  part  of  spacecraft  In  the  very  near  future  and,  naturally,  tha  problems 
of  their  development  and  Improvement  are  of  much  Interest  to  physicians  and  engineers 
working  in  the  field  of  apace  biology. 

Design  Principles  of  Medical  Research  Systems 

An  increase  of  the  duration  of  flight  will  demand  the  liberation  of  the 
astronaut  from  a  large  portion  of  the  electrodes  and  eenaors  which  he  could  constantly 
wear  in  brief  flights.  At  the  same  time,  prolonged  space  flight,  at  least  at  the 
present  time,  requires  not  only  the  organization  of  reliable  medical  monitoring,  but 
also  rather  extensive  and  inclusive  medical  research. 

Such  research  should  obviously  have  two  goala;  to  promote  the  collection  of 
scientific  information  on  tha  physiological  react lone  of  living  organisms  to  the 
sustained  action  of  the  complex  of  factors  of  space  flight.  Including  weightlessness 
(a  research  problem);  to  ensure  medical  monitoring  of  the  state  of  astronauts  and 
possibly  earlier  manifestation  of  minimum  deviations  in  their  vital  activity  (a 
diagnostic  problem) . 
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It  1*  clear  that  the  solution  of  these  problems  requires  the  utt  of  t  large 
ntafear  of  various  physiological  methods  and  an  extensive  telemetry  program.  As  Mas 
shown  above,  the  contradiction  between  the  necessity  of  decreasing  the  number  of 
sensors  on  an  astronaut  and  the  necessity  of  increasing  the  number  of  methods  employed 
for  medical  research  was  solved  by  means  of  developing  an  Independent  medical  research 
•paten.  This  system  le  distinguished,  first  of  all,  by  Its  detachable  sensors. 

Detachable  sensors  must  satisfy  the  following  requirements:  they  must  be 
convenient  and  simple  and  must  not  cause  difficulties  in  Independent  installation  by 
an  astronaut  under  conditions  of  space  flight!  they  must  ensure  the  obtalnment  of 
standard  and  high-quality  recordings}  they  must  not  cause  discomfort  during  investi¬ 
gation. 

The  introduction  of  detachable  sensors  makes  the  astronaut  an  active  participant 
in  biomedical  research.  Thle  Imposes  definite  obligations  and  responsibilities  on 
him.  The  fact  is  that  even  the  simplest  system  for  attaching  electrodes  and  sensors 
will  require  the  astronaut  to  perform  specific  working  operations,  i.e.,  purposeful 
activity.  With  a  sufficient  level  of  efficiency,  the  installation  of  sensor  will 
not  cause  any  difficulties;  however,  a  lowering  of  efficiency  can  result  in  the 
inaccurate  installation  of  electrodes  and  sensors  or  the  impose lb 11 lty  of  their 
installation  in  general.  From  the  point  of  view  of  a  medical  research  program,  this 
is  certainly  a  disadvantage.  However,  from  the  point  of  view  of  medical  monitoring, 

.  >  impossibility  of  the  installation  of  sensors  is  easily  Interpreted  as  an  essential 

Bering  in  efficiency  and,  thus,  a  timely  decision  with  respect  to  the  state  of  the 
astronaut  can  be  made. 

The  activity  of  an  astronaut  in  a  medical  research  program  is  not  exhausted 
by  the  installation  of  detachable  sensors.  The  obtalnment  of  vitally  important 
scientific  information  requires  more  than  the  recording  of  physiological  functions 
only  during  complete  rest  or  during  the  usual  work  of  an  astronaut  In  communications 
and  control.  The  performance  of  functional  tests  is  an  absolutely  obligatory 
requirement  of  clinical  physiology  in  the  realisation  of  purposeful  medical  research 
[162].  The  simplest  functional  testa,  such  as  shutting  the  eyes,  holding  the  breath, 
and  apportioned  physical  loading,  can  be  easily  introduced  into  the  physiological 
measurement  program  on  a  spacecraft  and  performed  by  an  astronaut.  In  addition, 
the  research  program  can  be  essentially  expanded  by  means  of  switching  the  measuring 
channels.  Indeed,  the  performance  the  functional  test  of  holding  the  breath  requires 
a  detailed  study  of  the  functional  shifts  in  the  cardiovascular  and  respiratory 
systems.  Conversely,  physchological  tests  should  be  accompanied  by  more  thorough 
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monitoring  or  runctions  which  cnaracterize  the  state  of  the  central  nervous  system 
and  analyzers .  This  plan  can  employ  the  principle  of  using  the  sane  measurement 
channels  for  recording  difft -ent  physiological  functions.  Narrow  specialization 
of  measurement  channels  would  lead  to  the  fact  that  in  certain  periods  of  time 
certain  channels  would  be  idle  and  their  total  number  would  be  very  considerable. 
Switching  can  be  accomplished  automatically  or  manually  by  the  estronmut  himself. 

In  thle  case,  either  sensors  requiring  hookups  to  channels  with  identical  character¬ 
istics  are  switched,  or  elements  of  the  ampllfylng-maaaurlng  system  are  switched,  es 
a  result  of  which  the  channel  characteristics  ere  changed.  An  example  of  the  first 
type  is  the  switching  of  ssismocardiogram  and  aphygaogram  sensors  on  one  EKO  charnel. 

An  example  of  the  second  type  la  the  switching  of  electromyogram  end  electroencephalo¬ 
gram.  Bensors  on  one  channel,  which  requires  a  change  In  the  frequency  response  of  the 
channel.  The  switching  method  la  convenient  in  the  respect  that  the  necessary 
sensors  can  be  placed  on  the  body  simultaneously  and  then  hooked  up  to  the  recording 
channele  according  to  the  specified  program. 

For  the  purpose  of  simplifying  the  methods  of  collecting  medical  information, 
it  is  expedient  to  consider  the  possibility  of  series  or  parallel  use  of  the  same 
electrodes  and  sensors  for  recording  different  physiological  parameters.  For 
Instance,  electrodes  for  electroencephalogram  recording  also  can  serve  for  intracranial 
electroplethysmogram  recording.  An  EKG  electrode  can  be  mounted  on  the  cheat  in  such 
a  way  so  that  a  miniature  thermistor  can  be  built  into  it  for  recording  akin  tempera¬ 
ture.  It  la  poeelble  to  roreaee  three  types  of  combined  systems  for  collecting 
physiological  Information: 

a)  aystems  with  series  recording  of  different  parameters  from  the  same  censors; 

b)  systems  with  parallel  recording  of  different  parameters  from  the  same, 
structurally  common,  electrodes  and  sensors: 

c)  systems  with  parallel  recording  of  different  parameter!  from  the  same, 
electrically  common,  electrodes  and  eensors  [656]. 

A  good  example  of  a  combined  system  of  the  third  type  is  a  sensor  in  the  form  of 
a  tube  containing  carbon  powder  or  a  piezoelement  mounted  around  the  perimeter  of 
the  cheBt  which  provides  simultaneous  pneumogram  and  volume  kinetocardiogram  recording 
(pulse  vibrations  of  chest  perimeter).  The  realization  of  this  type  ox’  recording 
requires  two  amplifiers  with  frequency  responses  of  0-5  and  15-50  cps. 

It  is  also  possible  to  use  one  channel  with  a  standard  characteristic,  whereby 
a  kinetocardiogram  la  recorded  while  the  breath  is  held  (see  Fig.  79)- 


-117- 


Thus,  the  program  or  eetronaut  notions  In  th#  period  of  medical  research  includes 
th*  Installation  of  alactrodas  and  ssnsors ,  ths  switching  of  measuring  channels,  and 
the  performance  of  aeelgned  functional  taats.  It  is  vary  laportant  that  the 
astronaut's  activity  In  the  prograa  of  medical  research  be  strictly  limited  in  time. 
This  is  related  to  the  follow in*  circumstances! 

1.  A  strict  time  schedule  of  astronaut  activity  is  s  unique  functional  test 
for  accuracy  and  correctness  In  executing  the  research  prograa.  Deviations  in  the 
time  of  executing  the  entire  prograa  or  parts  of  it  from  ths  standard  obtained  as  a 
result  of  ground  laboratory  tasta  with  the  aatrcnaut  have  an  important  diagnostic 
valua. 

2.  The  time  of  the  communication  period  of  tha  apacacraft  telemetering  system 
with  Earth  is  strictly  limited.  Therefore,  the  time  of  investigation  ahould  not 

ba  greater  than  the  duration  of  a  coamuiicatlon  parlod.  Indeed,  the  use  of  telemetry 
systems  with  data  storaga  and  accelerated  reproduction  of  information  makes  it  possible 
to  avoid  this  difficult  to  some  extent]  however,  the  final  volume  of  information 
transmitted  from  the  craft  to  Earth  alwayu  will  be  limited  by  the  specific  channel 
capacity. 

By  using  an  on-board  computer  for  data  processing  to  Esrth,  not  only  can  oscillo¬ 
grams  themselves  ba  transmitted,  but  also  the  results  of  medical  research  In  the 
form  of  numbera,  graphs,  and  final  conclusions.  The  channel  capacity  for  transmitting 
i-  medical  research  data  can  then  be  decreased  by  hundreds  of  times.  The  presence 
t  n  on-board  computer  also  provides  control  of  the  research  program  and  gives  the 
astronaut  the  necessary  instructions. 

As  can  be  seen,  physiological  measurements  In  future  space  flights  will 
essentially  differ  from  the  measurements  that  are  presently  conducted.  In  the  first 
"Vostok"  flights  the  task  of  medical  monitoring  was  considered  to  be  of  prime  Impor¬ 
tance.  It  was  required  that  the  physiological  information  from  the  spacecraft 
proceed  independently  of  the  desire  and  state  of  the  astronaut.  The  physiological 
measuring  syatem  was  turned  on  automatically  and  operated  during  the  entire  time 
of  telemetric  communication  without  any  participation  of  the  astronaut.  The  "Vostok" 
flights  made  It  possible  to  obtain  proof  of  the  retention  of  sufficiently  high 
efficiency  of  a  human  being  following  a  many-hour  period  of  weightlessness.  Thus, 
there  are  no  obstacles  placed  before  the  construction  of  more  rational  and  effective 
physiological  measurement  and  information  systems  in  which  the  role  of  the  astronaut 
will  not  be  passive,  but  active.  The  first  experience  of  programmed  collection  of 
research  Information,  as  It  is  known,  was  conducted  during  the  flight  of  the  "Voskhod." 
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hla  companions  with  the  aid  of  detachable  sensors  and  alactrodea  and  apaclal  raaearch 
equipment  which  was  manually  controlled. 

Programing  of  astronaut  actions  in  the  course  of  physiological  investigations 
Involves  the  solution  of  the  following  problems! 

1)  selection  of  functional  tests  that  are  adequate  for  the  conditions  of  flight 
in  a  spacecrafts 

^determination  of  the  sequence  of  astronaut  actions  and  the  order  of  measur- 
ments; 


3)  development  of  a  time  schedule  of  research! 

4)  tralnli.g  of  astronauts  and  collection  of  reference  data. 

It  is  absolutely  natural  for  physicians  to  wish  to  obtain  maximum  information  on 
the  state  of  an  astronaut.  However,  when  considering  the  peculiarities  of  swdlcal 
research,  there  always  exlata  the  alternative  of  either  obtaining  general  data  on 
the  state  of  the  various  aystema  of  the  organism  or  detallad  data  on  the  state  of  a 
certain  specific  physiological  function.  It  is  clear  that  the  creation  of  a 
"universal"  program  la  a  considerably  more  complicated  matter  than  the  development 
of  so-called  particular  or  specialized  programs. 

A  universal  program  or,  to  be  more  exact,  a  general-medical  program,  la  analogous 
to  the  primary  medical  examination  which  a  physician  makes,  for  example,  in  poly- 
clinical  admission.  Hla  task  includes  a  determination  of  the  general  state  of 


i — .law  ~  x*  aw.  ..  a  4  ..  a  aw&  «  a..  .  <■  ws.  ....4.1  s  ■  — a  w.i  .  A  ..44  ..1 

ucai  ui  ui  wuv  (iavisub  miu  bus  liowcsaa wj  ui  i  envoi  iuw  o^iqw  amaaacu  a  iwujwba 


specialist,  such  as  a  neuropathologist,  examines  his  patient  according  to  a 
purposeful  program  for  manifesting  specific  deviations  related  to  the  state  of  the 
nervous  system.  Similar  to  this,  the  specialised  programs  of  medical  research  in 
flight  must  be  purposeful.  It  would  be  Incorrect,  however,  to  consider  that 
specialized  programs  must  be  performed  by  an  astronaut  only  according  to  special 
instructions  In  case  of  the  appearance  of  any  deviations.  After  all.  In  a  dispensary 
examination,  absolutely  healthy  people  are  checked  by  specialists.  This  provides 
a  more  substantial  basis  for  conducting  planned  examinations  of  an  astronaut  in 
flight. 

In  the  development  of  appropriate  programs  it  is  necessary  to  carefully  select  *■ 
the  research  methods  and  functional  teats.  Functional  testa  for  Independent 
performance  by  astronauts  must  be  Blmple,  should  not  cause  unpleasant  sensations,  and 
must  ensure  the  obtalnment  of  a  clear  shift  In  the  state  of  several  physiological 
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rune t Iona,  The  teat*  should  te  apportioned  and  standardised,  i,e.,  they  should  be 
performed  In  the  same  manner  In  all  cases.  One  or  the  measuring  channels  should  be 
used  for  monitoring  the  performance  of  functional  teste.  This  does  not  require  the 
creation  of  special  devices.  For  instance ,  during  physical  loading,  the  motions 
of  the  subject  will  be  reflected  on  the  recordings  of  respiration,  electroencephalo¬ 
gram,  and  othar  parameters.  The  tests  should  correspond  to  the  conditions  of  flight. 
Thus,  for  the  purpose  of  physical  loading,  considering  the  volume  of  the  spacecraft 
cabin,  neither  squatting  nor  running  can  be  done.  Val'eal'vo's  test  is  difficult  to 
measure  out.  The  flnger=noee  test  is  difficult  to  objectively  evaluate  (it  is 
necessary  to  employ  special  television  equipment).  Besides  the  selection  of  well- 
known  standard  clinical  functional  testa  which  correspond  to  the  requirements  of 
flight  experimentation,  many  teata  can  be  modified  in  reference  to  the  conditions 
of  space  flight. 

As  already  was  indicated,  within  the  limit*  of  each  research  program  there  ie 
established  a  clear  sequence  of  astronaut  actions.  Work  is  done  on  a  strict  time 
schedule  and  the  correctness  of  its  performance  is  its  own  type  of  functional  test 
"or  efficiency.  The  time  schedule  can  be  act  up  by  two  methods: 

1)  in  the  form  of  an  initial  reference  signal  followed  by  the  performance  of  all 
operations  "by  hours"  (the  astronaut  himself  makes  sure  that  every  one  of  his  actions 
is  strictly  performed  at  the  specified  time)} 

2)  in  the  form  of  a  sequence  of  command  signals  which  indicate  the  character 
the  operation  to  be  executed  (these  signals  can  be  sent  from  Earth  or  from  an 

n -board  program  device  [timer]  or  digital  computer).  Similar  program  devices  have 
already  been  employed  in  certain  lsboratoriee  [126,  224,  6  JO], 

An  experimental  check  of  a  eystem  of  detachable  sensors  and  research  programs 
was  conducted  in  several  special  experiments  of  10-20  days  in  length,  and  also  under 
clinical  and  polyclinics!  conditions.  Different  variations  of  general-medical  and 
specialised  programs  were  developed.  An  example  of  a  general-medical  program  is  given 
in  Table  9.  One  of  the  specialized  programs  for  investigating  efficiency  is 
considered  in  Chapter  9.  The  Bame  chapter  more  specifically  examines  the  research 
program  of  physiological  measurements  on  the  "Voskhod,"  Figure  J4  illustrates 
samples  of  recordings  obtained  in  the  process  of  executing  a  general-medical  program. 
These  recordings  well  illustrate  the  polygraphic  and  functional  approach  to  medical 
research. 


Fig.  3^.  Samples  of  recordings  obtained  In  the  process 
of  executing  a  general  medical  program  (upper  four 
recordings  —  at  rest;  lower  —  during  worn  of  a  dynamo- 
graph)  .  8KT  —  electrocardiogram;  nr  -  pneumcgram;  CKF  — 
selsmocardlogram;  JLB  —  pulmonary  ventilation;  3MT  —  electro- 
myogram;  J3 pT  —  aynamogram. 
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results  obtained  m  the  process  of  programmed  research  requires  data  of  the  same 
standard  research  conducted  under  laboratory  conditions*  Therefore*  a  necessary 
condition  of  the  introduction  of  programmed  research  into  the  practice  of  space 
flights  is  the  preliminary  training  and  instruction  of  astronauts  and  the  extensive 
collection  of  reference  data. 

Further  expansion  of  the  program  of  physiological  measurements  on  spacecraft,  and 
the  use  of  newer  research  methods  cannot  Involve  an  increase  In  the  number  of  telemetry 
channels.  First  of  all,  it  is  economically  unprofitable;  secondly,  it  Is  not  necessary 


to  elsiultaneouely  record  data  which  are  not  coopered  with  each  In  the  prooeBn  or 
analysis. 


Table  Q,  A  v»ri*t.ion  of  «,  General-Medical  Research  Program 
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Table  10.  Typical  Medical  Research  Program  on  a  Space 
craft,* 
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*uKl'  —  pulmocardlography;  JITT  —  pneumotachography;  C02 
and  0„  —  carbon  dioxide  and  oxygen  content  In  exhaled 

c. 

air;  Orr  —  oxyhemogram;  TB  -  temperature  difference 
between  Inhaled  and  exhaled  air;  7  —  humidity  difference 
between  Inhaled  and  exhaled  air;  uHT  Tp/A*  pectoral 
electroplethysmogram;  DIIT  vepen.  —  cranial  electro- 
piethysmogram. 


We  have  already  mentioned  the  expediency  of  the  consecutive  switching  of 
several  sensors  on  one  measuring  channel  according  to  an  appropriate  program. 

Table  10  illustrates  a  typical  in-flight  medical  research  program  which  includes 
25  physiological  methods.  Eight  telemetry  channels  (it  is  possible  also  to  construct 
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ft  program  for  four  channels)  should  be  used  to  record  data.  Five  research  pro* rams 
are  proposed.  Including  one  general -meal cal  and  four  specialised.  Practically  all 
of  these  physiological  methods,  with  the  exception  of  methods  on  the  program  for 
studying  external  respiration,  have  already  been  employed  under  laboratory  conditions 
for  preflight  and  postflignf  examination  of  astronauts,  and  consequently,  their 
application  on  board  a  spacecraft  is  a  thing  of  the  near  future. 
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ON-BOARD  AUTOMATIC  PHYSIOLOGICAL  INFORMATION 
PROCESS INO  SYSTEMS 


The  expansion  of  the  range  of  research  tasks  and  the  necessity  of  increasing 
the  reliability  of  medical  monitoring  are  accompanied  by  an  increase  in  the  amount 
of  information  subject  to  transmission  from  a  spacecraft  to  Earth.  At  the  same  time, 
an  increase  of  the  duration  and  range  of  flight  will  lead  to  a  considerable  limita¬ 
tion  on  the  capabilities  of  information  transmission. 

Thus,  there  appears  an  important  problem  —  to  transmit  maximum  information  with 
the  use  of  telemetry  channels  of  limited  capacity  [35,  196],  A  solution  to  this 
problem  ia  possible  only  with  the  aid  of  the  facilities  of  computer  technology,  e.g., 
analog  or  digital  computers.  Therefore,  one  of  the  Important  elements  of  future 
physiological  measurement  and  information  systems  will  be  the  on-board  automatic 
physiological  data  processing  system  (CAO)  [ADPJ.  However,  t.he  functional  capabili¬ 
ties  of  an  ADP  system  are  not  exhausted  only  by  the  "compression"  of  information  for 
more  effective  use  of  telemetry  channels.  An  ADP  system  also  can  be  used  to  solve 
other  problems,  such  as  a  quick  evaluation  of  the  state  of  an  astronaut  in  flight 
and  a  significant  reduction  in  the  periods  of  scientific  dsta  analysis.  Indeed, 
these  problems  also  can  be  successfully  solved  with  the  aid  of  ground  computers  con¬ 
nected  to  the  receiving  telemetry  station.  Thus,  the  main  problem  is  to  increase  the 
effectiveness  of  the  telemetry  links  inasmuch  aa  at  the  present  time  it  is  impossible 
to  provide  power  for  a  radio  system  that  is  sufficient  for  the  transmission  of  a  wide 
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capacity  of  the  telemetry  links  makes  it  absolutely  necessary  to  install  an  on-board 


ADP  ijntMH  in  aush  cuta,  Then*  era  alto  other  considerations  in  favor  of  on-board 
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AD?  systems. 

First  of  all,  we  should  mention  tha  possibility  of  informing  ths  craw  of  the 
spacecraft  about  Its  condition  and  ths  Issuance  of  rscoanendatlone  in  case  of  tha 
appearance  of  dangerous  situations,  foliar  signaling  will  be  car  lad  out  without 
the  participation  of  a  nodical  staff  on  Barth,  which  is  vtry  ssaantlsl  for  the  flight 
phases  In  which  there  la  no  communication  with  Earth, 

On  nultlseat  spacecraft,  where  ths  crew  will  probably  Include  s  physician  [6)5], 
the  ADF  system  alao  will  ts  able  to  parfera  tha  rels  of  a  "machine-adviser"  or  he 
used  for  solving  medical  diagnostic  problems  (see  below). 

With  the  direct  introduction  of  infornatlon  from  man  to  tha  ADP  system  in  the 
appropriate  way,  processed  and  genaralitad  physiological  information  can  be  used  for 
the  following  purposes i  for  ragulatlng  the  operation  of  lifo-aupport  systems  (espe¬ 
cially  in  closed  ecologic  systems);  for  controlling  emergency  rescue  systems;  for 
blocontrol  of  the  spacecraft  in  ths  event  of  physical  incapability  of  the  pilot  to 
accomplish  complicated  tasks  (for  Instance,  the  uae  of  muscle  biopotentials  for  con¬ 
trol  during  the  action  of  large  O-loads). 

The  necessity  of  automatic  processing  of  medical  information  on  board  a  space¬ 
craft  was  exhibited  long  before  the  first  manned  space  flight  took  place.  One  of 
.'lrst  designs  of  an  on-board  ADP  system  was  published  by  McLenan  In  1959  [6l6], 
McLenan's  system  la  designed  to  send  one  of  seven  signals  to  a  telemetry  channel 
>  ilch  carry  information  on  the  physiological  state  of  an  astronaut.  The  principle 
it  action  of  the  system  consists  of  using  a  scanning  device  for  examining  all  infor¬ 
mation  proceeding  from  the  astronaut  with  subsequsnt  binary  selection  through  each 
channel  and  shaping  of  •  conditional  algnal  (code)  with  the  aid  of  simple  "And"  end 
"Not"  logical  circuits.  The  system  la  designed  to  process  Information  on  the  effi¬ 
ciency  and  physiological  state  of  an  astronaut.  Efficiency  is  determined  in  the  form 
of  the  "highest"  or  "lowest"  level  of  functioning.  Prom  the  ph-siological  parameters, 
the  following  are  considered:  eye  movements,  muscular  activity,  and  heart  activity 
To  differentiate  between  sleep  and  unconsciousness,  ths  author  proposes  the  applica¬ 
tion  of  a  stimulus  signal  that  is  sent  by  radio  which.  In  the  case  of  sleep,  should 
ensure  a  transition  to  a  higher  level  of  functioning.  The  system  la  designed  to 
transmit  one  three-bit  binary  digit  (from  0  to  7)  by  telemetry,  which  is  the  code  of 
the  astronaut's  state.  However,  tha  proposed  system  la  too  general  and  cannot  be 
completely  used  for  medical  research  as  the  problems  of  medical  ln-f light  monitoring. 
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In  1961  there  appeared  a  publication  < concerning  a  ground  system  for  automatic 
processing  of  data  coming  from  a  spacecraft  [375.  376).  The  system  mi  modeled  under 
clinical  condltlona  with  the  uae  of  a  unlveraal  digital  computer.  Recently  In  the 
foreign  preaa  there  have  appeared  publication  concerning  the  development  of  minia¬ 
ture  on-board  logical  ayatema  for  proceaalng  medical  data  [k67»  55k]  However,  epe- 

clflc  Information  concerning  tha  mathod  of  introducing  the  Information,  algorlthma, 

*♦ 

or  technical  operating  principles  ox  thaae  systems  is  not  given. 

The  flrat  Soviet  publication  which  aubatantlatea  tha  netd  for  on-board  ADP  sys¬ 
tems  and  explains  certain  prlnclplea  of  their  construction  if  tha  work  by  0,  0. 
Uaeenko  and  R.  M.  Bayavakiy  [81].  Subsequently  thee a  quaatlona  ware  conelderad  more 
fiilfleally  In  many  Soviet  articles  [283,  33.  36.  3.  9.  282).  At  tha  present  time 
there  hae  already  been  a  significant  amount  of  experience  gained  on  the  subject  of 
multi-day  manned  apace  fllghta  and  the  problems  of  designing  on-board  ASP  ayatema 
have  become  considerably  clearer  and  more  intelligible,  me  United  States  has  devel¬ 
oped  an  on-board  digital  computer  that  welgha  5  kilograms,  takes  up  2  dm^  of  space, 
and  has  a  power  consumption  of  20  watts  [799], 

On-board  systems  for  automatic  proceaalng  of  physiological  Information  do  not 
differ  In  principle  from  the  various  systems  proposed  for  the  automation  of  physio¬ 
logical  measurements  and  the  dlagnoatlc  process  In  labormtoriss  and  clinics.  The 
presently  existing  devices  and  systama  for  automatic  procaaslng  of  physiological 
data  can  be  divided  into  three  groups  1 

devices  for  automatic  processing  of  separate  physiological  parameters,  e.g., 
cardlotachometere,  integrators,  correlographs,  and  so  fortn  [175,  185,  25,  657,  208)> 
systems  for  automatic  evaluation  of  a  situation  by  a  group  of  physiological  param¬ 
eters,  e.g..  electronic  logical  systems,  devices  which  warn  of  tha  existence  of  dan¬ 
gerous  situations  [3k,  7,  58,  695,  79k,  8l2]j  Instruments  for  automatic  diagnosis, 
l.e.,  "dlagnoatlc  machines"  [Ifi,  68,  563,  590,  591). 

All  of  these  groups  are  closely  Interrelated  and  art  data  procaaslng  systems 
with  a  gradually  constructed  algorithm. 

Algorithms 

I  . 

The  questions  of  tha  development  of  algorlthma  occupy  a  central  position  among 
the  problems  of  automatic  data  processing,  Tha  work  "algorithm"  was  derived  from 
the  name  of  the  Persian  mathematician,  Al-Xhuwmrlzmi,  who  lived  in  the  9th  century 
[197  ,  251).  An  algorithm  is  an  exact  Instruction  on  a  sequence  of  actions  which  are 
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fitciiury  to  i«lvt  specific  type*  of  problMi,  The  application  of  computers  fur 
automatic  date  processing  Involves  the  use  of  specific  algorithms,  on  the  basis  of 
which  •  program  is  composed.  Programming  belongs  to  the  sphere  of  digital  computer 
specialists.  A  general  (Initial)  algorithm  should  be  developed  by  speclsllsts  of 
the  field  of  science  ahase  probleaa  are  to  be  solved  with  the  eld  of  a  digital  co»- 
puter.  Zt  le  naturally  whet  these  initial  algorithms  are  co^oaed  in  terms  which 
ere  peculiar  to  the  given  area  of  study. 

Me  Introduced  the  conoept  of  the  "dlegnuetle  algorithm, "  which  implies  any 
algorithm  that  involves  the  realisation  of  a  diagnostic  process.  Inasmuch  as  prac¬ 
tically  any  procsdt”**  of  Interpretation,  analysis,  and  evaluation  of  one  or  meny 
physiological  parameters  &s  involvtd  with  diagnostics,  the  diagnostic  algorithm  la 
the  basic  concept  of  a  physiological  measurement  and  tnfomatlon  system.  A  descrip¬ 
tion  of  ths  diagnostic  algorithm  Includes  all  operations  which  pertain  to  the  con¬ 
version  of  Information,  beginning  with  its  collection  and  terminating  with  the  shaping 
of  signals  for  feedback  circuits.  The  principle  of  construction  of  each  specific 
slgorltnra  depends  on  the  problem  which  it  Bust  solve,  we  snail  briefly  consider  the 
principles  of  construction  of  three  groups  of  algorithms  In  accordance  with  the  three 
groups  of  devices  and  ayateas  for  automatic  processing  of  physiological  data  which 
we  considered  earlier. 

1.  Algorithms  for  the  solution  of  problssw  related  to  the  analysis  of  separate 
..yslologlcal  parameters  can  be  constructed  on  the  basis  of  the  following  principles: 
uc termination  of  the  numerical  value  of  one  of  the  indices,  e.g.,  determination  of 
pulse  rate  by  means  of  an  electrocardiogram,  cardlotachometer,  or  cardlointervalo- 


graph  [130,  17s,  419,  462,  489,  559,  6 57 3 J  logical  evaluation  or  a  selected  index, 
a.g.,  as  this  la  dona  In  tha  "Rhythm-1"  Instrument  (V.  S.  durfinkel'  and  M.  L 
Teetlin)  [1267]?  determination  of  a  series  of  Indices,  e.g.,  the  waves  and  Intervals 
of  an  electrocardiogram  and  their  relationship!  [668,  **o,  489,  369,  37° ]j  statisti¬ 
cal  analysis  of  the  indices  of  a  given  parameter  (155.  384,  485,  487]?  special  uethe 
metical  analysis  or  the  Indices  of  a  given  parameter,  e.g.,  determination  of  the 
autocorrelation  function  of  the  spectral  density,  and  so  forth  [23,  62,  211,  435, 
*56,  730,  733,  73*,  771.  697]. 


It  is  natural  that  a  technical  solution  depends  on  ths  complexity  of  the  selected 
algorithm.  In  s  OSmm  C  »S  v  •  at  aS  SUf  f  iC  iCTtv  to  hare  a  very  sisple  counting  circuit, 
while  in  others  It  is  necessary  to  use  a  computer.  Although  the  application  of  a 
digital  computer  f c-  processing  all  of  one  parameter  is  not  very  expedient,  many 
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scientific  investigations  on  the  um  of  a  digital  computer  In  medicine  art  devoted 
precisely  to  this  question,  Thus,  wt  know  of  work  on  tha  application  of  digital  con* 
putar  for  procaaalng  electrocardiograms  [371*  62?,  7^9 ]»  electroencephalogram*  [1*6, 
639,  646 ,  67^],  phonocardlograas  f%53 1 »  klnetocardiogreme  [307,  308],  and  othere. 

2.  Algorithm*  for  evaluating  a  group  of  physiological  parameters  ara  intended 
for  the  determination  of  symptom  complexes,  Here,  much  depend*  on  the  ealacticn  of 
-he  paraaatara  and  tha  lndloaa  aubjaot  to  analyala.  Algor lthoa  of  a  alollar  type 
muat  conaider  tha  physician's  logic.  Tha  principles  of  eenatruetlng  tha a*  algorithoa 
have  not  yat  bean  auff latently  etudlad .  Therefore  it  la  possible  to  naae  only  aoaa 
of  tha  possible  app ranches  to  tha  aolutlon  of  this  p rob lea i  determination  of  a  syep- 
t*-"'  or  eyndroa-  according  ts  one  or  several  pathologic  deviations  or  by  the  sum  of 
untypical  daviatlona,  but  characteristic  for  their  specific  combination,  (matrix 
principle))  oomparlaon  of  tha  directivity  of  ahlfta  observed  almultanaoualy  on  tha 
part  of  several  paraaatara  (for  instance,  pulse  Increases  and  arterial  pressure 
drops)]  probability  logic  of  evaluating  daviatlona j  evaluation  of  tha  degree  of 
correlation  of  indloaai  application  of  apacial  mathematical  aethoda  which  ensure  tha 
best  approach  to  affective  identification  of  a  specific  syndrome  (the  syndroms  at  an 
inforaation  form). 

The  realisation  of  those  algorithms  is  possible  with  the  aid  ox  analog  conq>utars 
aa  well  as  with  digital  computers. 

3  Algorithoa  of  tha  dlagnoatlc  process  ara ^presently  tha  subject  of  numerous 
inveetlgatione.  Therm  are  several  different  views  on  this  question.  Thus,  Lusted 
and  Lediy  [590]  state  that  the  aoet  effective  algorithm  la  tha  one  based  on  the  calcu¬ 
lation  of  tha  conditional  probabilities  of  separata  syaptoaa  in  a  disease  oocplex. 
Tanlmoto  (749)  devised  a  diagnosis  for  polycythaala  on  an  IBM  704  digital  computer 
on  the  baels  of  the  matrix  principle  (eyeptoms-cases). 

In  the  opinion  of  A.  A.  Vishnevskiy,  M,  L.  Bykhorekiy,  and  1.  I.  Artobolavokiy 
r681,  automation  of  th#  diagnostic  process  can  be  based  on  three  logical  processes: 
deterministic  logic,  probability  logic,  and  phaaa  intarval  logic.  Thaaa  processes, 

to  the  (Binds  of  the  authors,  well  simulate  the  physician 'e  logic  with  respect  to 

) 

differential  dlatftostlcs  and  Selection  of  the  tost  probable*  diagnosis  from  a  aarles 
of  posslblt  onas.  It  should  be  nantloned,  however,  that  tha  mathaaatlckl  evaluation 
of  even  extremely  simple  diagnostic  methods  Is  very  difficult.  For  lnetance,  the 
saste  symptom  can  be  determined  In  different  diseases,  but  its  significance  in  every 
case  depends  not  only  on  the  character  of  the  disease,  but  also  on  with  what  other 
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a  yap  torn*  it  la  combined. 

Consequently,  it  la  eleo  necessary  to  consider ‘the  probability  and  correlation 
criteria  and  the  logical  relationships  and  aaaa  of  other  criteria.  Therefore,  it  la 
•till  impossible  to  discuss  diagnostic  algorithms  in  detail)  however,  work  in  this 

f 

direction  la  satreawly  lapertant  and  urgent  1396,  963}. 

doing  on  to  the  conalderation  of  work  algorithms  of  on-board  ADP  systems,  we 
must  emphasise  the  wide  range  of  possible  approaches  to  this  question.  Therefore 
we  will  begin  with  an  account  of  the  siapleat  algorithms  for  processing  individual 
physiological  parameters  (encoding)  and  will  gradually  go  on  to  the  store  complicated 
algorithm* . 

When  investigating  the  possibilities  of  transmitting  a  maximum  amount  of  infor¬ 
mation  through  channels  of  limited  capacity,  we  suit  first  of  all  turn  to  the  prop¬ 
ositions  of  Information  theory,  in  particular  to  its  section*  which  illuminate  the 
methods  of  optimum  encoding.  Actual  messages  (including  physiological  information) 
contain  both  useful  and  uaelaaa  information.  The  latter  pertains  to  the  repetition 
of  information  or  to  information  that  is  of  no  uaa  for  diagnostics  from  the  point  of 
view  cf  the  present  status  of  science.  Thus,  when  considering  an  electrocardiogram, 
we  are  dealing  with  a  periodically  and  strictly  repeating  process  (with  the  exception 
of  cases  of  extrapolation).  If  we  extract  only  necessary  (useful)  information  from 
message  its  transmission  will  require  telemetry  channels  with  up  to  a  hundred  times 
roller  capacity  than  for  the  transmission  of  the  initial  message.  The  presence  of 
useless  data  in  messages  along  with  useful  information  la  called  redundancy  in  infor¬ 
mation  theory  [66  ] .  The  positive  value  of  redundancy  consists  in  the  fact  that  it 
'acllltatee  the  identification  of  individual  errors  which  accompany  the  transmission 
of  messages  and  increases  the  noise  immunity  cf  trmnamiaalen.  Thus,  the  repetition 
of  SKC  cycles,  even  with  a  high  noise  level,  makes  it  possible  to  consider  the  Indi¬ 
vidual  elements  of  the  curve  by  comparing  the  neighboring  cycles  between  one  another. 
Thus,  one  of  methods  of  effective  encoding  of  physiological  information  can  be  based 
or.  the  elimination  of  redundancy  [3fS], 

The  principle  of  code  forming  should  be  selected  by  taking  into  account  the 
most  important  (to  the  physician)  criteria  contained  in  the  given  message.  Thus, 
in  ERO  processing,  approximately  10  different  indices  are  computed,  such  as  PQ,  QRS, 
SP,  Ap,  and  A^.  The  frequency  of  measurement,  of  these  indices  is  no  more  than  one 
per  minute.  Consequently,  in  a  20-minute  recording  it  is  necessary  to  determine 


approximately  200  digital  indieea  {during  a  20-mlnute  telemetry  recording  of  an 
electrocardiogram  approximately  0.5  million  bits  of  information  should  be  transmitted 
to  Earth.)  Let  us  Imagine  that  all  calculations  are  performed  on  board  the  space* 
craft  and  on  EKG  is  not  transmitted  to  Earth,  but  already  calculated  indices.  What 
will  be  the  gain  in  the  sense  of  the  capacity  of  the  telemetry  channel  and  the  time 
of  transmission?  If  a  four-digit  binary  coda  la  used  for  transmission,  a  200- 
character  message  will  contain  approximately  1000  bits,  i.e.,  500  times  lass  than 
the  original  electrocardiogram.  Consequently,  a  channel  with  a  500  blts/aec  capacity 
will  take  only  a  total  of  about  2  seconds  to  transmit  this  message  instead  of  20 
minutes,  and  a  channel  with  a  capacity  or  only  about  1  bit/sec  con  bs  used  in  a  tranr - 
mission  time  of  20  minutes  (inataad  of  500  bita/aac). 

flut  the  application  of  an  AD?  ayatac  ensures,  besides  a  gain  In  channel  capacity 
and,  tranimlaalan  tint,  a  higher  operational  efficiency  of  medical  monitoring  of  on 
astronaut,  since  the  information  obtained  on  Barth  doe*  not  require  interpretation 
and  con  be  evaluated  directly  in  the  course  of  flight. 

A  further  decroaee  in  the  number  of  messages  subject  to  transmission  from  a 
spacecraft  to  Barth  can  be  attained  by  means  of  constructing  a  code  which  would 
reflect  not  the  digital  values  of  the  indices,  but  their  relationship  to  a  definite 
clasB  of  values.  The  simplest  symbol  in  this  case  (for  instance,  "0")  is  used  to 
code  the  range  of  normal  (the  swat  frequently  encountered)  values  of  the  Index. 

More  cosipllcated  symbols  (1,  2,  5)  are  used  to  cods  the  pathologic  values  of 
an  index.  For  Instance,  for  PO,  the  values  ere  (0.12-0.20)  -  0,  (0.21-0. 25)  -  i, 
and  (0.26  end  higher)  -  2. 

A  similar  method  of  snooting  can  ba  said  to  ba  ftatlatlcal.  Inasmuch  as  it  con¬ 
siders  the  probability  of  the  appearance  of  certain  signals. 

Statistical  encoding  is  mere  effective  then.  nonets%is*lcel  encoding  [A 17,  647]. 
However,  the  statistical  distribution  of  values  cannot  always  be  taken  into  account 
for  medical  information, 

An  effective  code  con  be  constructed  on  the  principle  of  indicating  the  devia¬ 
tions  of  a  given  parameter  beyond  the  limits  of  its  specified  range  (Fig.  55).  The 
simplest  two-position  code  (O^and  1)  Indicates  only  the  presence  or  absence  of  devia¬ 
tions,  while  the  ihree-positlOki  code  (+,  — ,  R)  Indicates  the  sign  of  the  deviation. 

The  most  practical  is  the  feuf-positlon  code,  which  makes  it  possible  to  determine, 
in  addition  to  the  pathological,  values,  the  transition  values,  which  la  important 
for  a  prognosis.  Oedea  also  coil  be  constructed  an  the  basis  of  etatlstleal  and 
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probability  indices,  Thu  m  have  considered  the 
vara Ion  of  an  algorithm  for  tha  anlaysls  of  an  elec- 
trocardlogrmn  which  la  baaad  on  tha  calculation  of 
apaolfio  indices.  this  type  of  algorithm  can  ba 
raaliaU  by  a  digital  eqputcr  at  wall  as  by  an  ana- 
log  oosqutar; 

Mow  wo  Shall  consider  an  algorithm  that  la 
directed  towards  tha  idaotification  of  a  symptom, 
a  syndrome  and,  finally,  tha  datarwinatlon  of  a  dlag- 
noala.  Hara  it  la  necessary  to  consider  tha  charac¬ 
ter  of  tha  physician's  logic .  bat  u*  conaidar  how 
tha  diagnostic  proeaaa  la  performed  by  a  physician.  Me  a  an  tantatlvaly  laolate  thraa 
atagaa  of  this  proeaaa. 

1.  Collection  of  Information  about  tha  patlsr.t  by  waana  of  questioning,  physical 
examination,  and  laboratory  and  clinical  analyses. 

2.  Evaluation  of  tha  information  collaetad  from  tha  point  of  viaw  of  isolating 
algna  which  ara  syvptoos  of  a  dlsaasa.  In  othar  words,  all  data  are  distributed  into 
two  groups  (norm-pathology) . 

3.  Comparison  of  tha  sum  of  laolatad  symptoms  with  symptom  complex**  known  to 
"hyslclan  and  tha  aatabllshmant  of  an  idantity,  l.a,,  determination  of  the  symptom 

mplaxas  existing  in  tha  patient  (and  than,  a  diagnosis  by  the  crtblnation  of  symp¬ 
tom  cosplaxas). 

Thasa  thraa  stags*  raflact  tha  physician's  logic  (In  tha  general  sense).  How¬ 
ever,  In  tha  realisation  of  the  described  actions,  tha  physician  does  not  only  use 
logical  rules,  but  also  definite,  specific  Information  in  his  memory.  Even  the  se¬ 
quence  of  logical  operations  required  for  diagnosia  should  ba  first  "recorded"  in 
his  memory.  Then  his  aaasry  should  record  tha  program  of  activity  for  each  stage  of 
tha  diagnostic  process.  Finally,  the  physician  should  memorize  the  data  which  he 
has  taken  as  the  standard,  with  which  he  compere*  tha  information  obtained  as  a  re¬ 
sult  of  examination. 

Consequently,  the  physician's  memory,  along  with  the  physician's  logic,  com¬ 
poses  an  important  element  of  the  theory  of  constructing  an  ADP  system  for  physio¬ 
logical  information. 

Already,  in  tha  realisation  of  even  extremely  simple  algorithms,  wa  ara  encoun¬ 
tering  the  necessity  of  recording  the  values  of  the  norm  In  the  memory  of  the  logical 
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Fig.  39.  Methods  of  encoding 
deviations  of  physiological 
parameter*  (ms  text). 
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unit  or  computer,  l.e.,  the  Halts  of  variation  of  each  parameter,  which  are  con¬ 
sidered  to  be  normal.  But,  aa  it  is  known,  there  do  not  exist  rigid  none  for  the 
majority  of  physiological  indices.  For  instance,  a  pulse  of  ISO  beate  per  minute 
following  moderate  physical  exercise  (20  squats)  is  normal  for  an  untrained  person 
and  pathological  for  an  athlete. 

The  physiologic  norm  is  a  dynamic  concept  which  is  stipulated  by  the  individual 
peculiarities,  the  degree  of  training,  the  cenditions  of  examination,  and  so  forth. 

Quantitative  expressions  are  generally  unknown  for  many  important  lndlcaa,  and  there¬ 
fore  there  are  no  norms  (for  instance,  the  degree  of  facial  pallor  or  perspiration 
during  syncopal  and  precoma  states ).  Special  investigations  of  such  indices  and 
quantitative  criteria  for  them  are  necessary.  The  most  correct  approach  to  the  prob¬ 
lem  of  norms  in  astronautics  is  the  statistical  processing  of  a  large  number  of 
realisations  of  an  investigated  function  in  various  conditions  of  laboratory  teste, 
training  sessions,  and  prelaunching  periods.  This  ensures  the  obtalnnent  of  indivi¬ 
dualized,  statistically  reliable  norm.  For  instance,  after  the  realisation  of  a 
number  of  manned  space  flights,  we  now  can  speak  of  the  norms  in  the  propelled  flight 
of  a  spacecraft.  These  norms  are  calculated  according  to  data  obtained  aa  a  result 
of  the  analysis  of  telemetry  Information.  Similar  statistical  norms  csn  be  used  as 
the  basis  for  programming  future  on-board  ADP  systems. 

In  addition  to  statistical  norms,  there  also  exist  critical  values  of  individual 
indices,  which  by  themselves  indicate  evident  trouble.  For  instance,  a  quickening 
of  the  pulse  to  200  per  minute  is  an  extraordinary  circumstance  not  only  for  a  trained 
person,  but  also  for  an  untrained  one. 

The  concept  which  we  developed  concerning  statistical  norms  and  critical  values 
corresponds  to  the  conception  of  V.  B.  Malkin  and  his  co-authors  [103,  167]  concerning 
two  types  of  deviations:  deviations  of  separate  parameters  from  individual  norms  end 
deviations  which  characterize  the  extreme  absolute  values  of  parameters. 

When  making  his  diagnosis,  the  physician  evaluates  various  symptoms  differently: 
vi  higher,  others  lower.  In  other  words,  every  symptom  In  a  symptom  complex  has 

res  own  weight.  If  we  compare  the  values  of  tbs  symptoms  of  ths  drop  in  arterial 

,  \ 

pressure  and  the  lowering  of  skin  temperature  during  a  collapse,  the  first  symptom 
undoubtedly  has  a  larger  "weight”  than  the  second.  A  decrease  in  the  amplitude  of 
the  first  tone  of  a  phonocardlogram  can  have  quite  an  insignificant  "weight"  in  the 
same  symptom  complex.  Calculation  of  the  weight  of  separate  symptoms  can  be  performed 
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with  th«  probability  approach  to  tha  analysis  and  • valuation  of  Info mat 1 on .  The 
probability  of  each  symptom  coaplex  la  equal  to  tha  aum  af  probabilities  of  its  com¬ 
ponent  symptom*}  on  tha  otbar  hand,  tha  probability  of  a  given  symptom  complex  In 
tha  presence  of  a  definite  masher  of  criteria  further  depends  on  other  condition* 
(•election  of  control  parameters,  tins  and  place  of  inveetigatlcn,  the  individual 
charaetarlatlcc  of  tha  subject,  and  otters).  Attests  have  bean  made  to  determine 
a  diagnosis  cs»  tha  baala  of  tha  Baa*  forsula  (58,  59),  which  was  applied  for  calcu¬ 
lating  the  probabilities  of  Interdependent  event*.  Xn  a  ganaral  case  it  is  possible 
to  say  that  each  index  has  a  definite  probability  of  being  normal  or  pathological, 
and  each  symptom  characterise*  an*  state  or  another  with  a  dafinita  probability. 
Therefore,  the  calculation  of  probabilities  la  an  important  operation  of  the  algo¬ 
rithm,  but  medicine,  unfortunately,  and  apace  medicine  in  particular,  cannot  yet 
express  its  esperianea  in  probability  nalmilatiwi, 

A  no  last  Important  role  in  the  construction  of  dlateostlc  algorithm*  is  played 
by  the  correlation  Indices  between  different  physiological  parameter*  [208] . 

All  physiological  parameters  in  an  Integral  organism  are  Interdependent.  A 
pathological  atat*  of  ona  of  tha  aystema  of  an  organism  immediately  cause*  a  devia¬ 
tion  in  the  other  system* ;  however,  the  factor  that  determines  the  Influence  of  one 
system  on  another  can  vary  depending  upon  the  condl tlona,  the  individual  character¬ 
istics,  the  severity  of  the  disease,  and  so  forth.  The  relationships  between  blo- 
oglcal  processes,  symptoms,  and  physiological  parameters  can  be  direct.  Inverse, 
logarithmic,  parabolic,  and  so  forth.  The  mathematical  analysis  of  pathological 
processes  requires  a  study  of  the  control  curves  of* various  functions  and  their  inter¬ 
dependence  [20,  197).  The  calculation  of  correlation  functions  and  correlation 
factors  la  one  of  the  methods  which  halps  us  to  clarify  the  interdependence  of  dif¬ 
ferent  physiological  indices,  With  a  very  high  correlation  It  is  possible  to  deter¬ 
mine  the  value  of  one  index  with  respect  to  another,  1.*.,  to  optimise  the  diagnostic 
algorithm.  For  instance,  we  know  of  the  possibility  of  determining  pulse  rate  with 
respect  to  respiration  (45)  and  the  minute  volume  of  the  vital  capacity  of  the  lungs 
[4901.  Tha  correlation  approach  to  evaluating  physiological  information  makes  It 
possible  to  decrease  the  number  of  control  indices  without  lapairing  the  quality  of 
control. 

Other  mathematical  methods  (integration,  differentiation,  spectral  analysis) 
also  can  essentially  increase  the  quality  of  diagnostics]  however,  the  practical 
application  of  the  above-mentioned  methods  requires  the  collection  of  date  and 


-154- 


special  research  work. 


Computers 

The  construction  of  on-boerd  ADP  systems  brings  up  some  very  complicated  prob¬ 
lems,  which  are  related  to  the  following:  the  conversion  of  analog  signals  into 
digital  form  or  the  separation  of  a  specific  portion  of  the  most  significant  or  the 
most  Important  physiological  indices  In  the  given  investigation]  the  mathematical 
and  logical  procesalng  digital  indices  for  obtaining  ganarallsad  characteristics j 
the  formation  of  conclusions,  i.e,,  "diagnoses"  (syndromes,  syrptome),  on  the  basis 
of  the  results  of  the  preceding  stages  of  automatic  processing  and  the  analysis  of 
physiological  information. 

In  accordance  with  these  problems  we  can  consider  three  trende  of  research  in 
the  area  of  developing  on-board  ADP  aystemB  which  involve  the  technical  realisation 
of  specific  diagnostic  algorithms. 

Coders  convert  physiological  information  from  analog  form  into  a  discrete  form 
expressed  by  a  specific  coda.  The  purpose  of  conversion  Is:  a)  to  decrease  the 
volume  of  Information  subject  to  transmission  through  telemetry  channels]  b)  to 
present  information  in  e  form  that  la  more  convenient  for  subsequent  analysis . 

Let  us  first  consider  the  method  of  effective  encoding  of  the  most  high-frequency 
physiological  parameters  of  an  electromyogram  and  an  electroencephalogram.  We  pro¬ 
posed  this  method  in  1959  and  realised  it  in  the  form  of  e  working  mockup  of  physio¬ 
logical  equipment.  The  encoding  principle  consists  In  determining  the  frequency  and 
amplitude  characteristics  of  the  process  and  shaping  of  signals  which  individually 
reflect  these  characteristics  [196,  197 »  So1*].  We  developed  e  system  for  the  trans¬ 
mission  of  four  electromyogram  recordings  or  four  electroencephalogram  recordings 
through  one  telemetry  channel  (Fig.  36). 

The  program  for  electromyogram  encoding  consisted  of  determining  the  frequency 
end  amplitude  of  the  signals  per  second  and  shaping  two  amplitude-modulated  pulaeB 
corresponding  to  the  values  of  the  frequency  and  amplitude.  To  do  this,  we  used  a 
counter  with  a  storage  unit  and  an  integrator  with  a  atorage  unit.  The  storage  units 
were  capacitors.  Each  of  th^  four  channels,  thus,  had  two! storage  units  apiece.  The 
entire  system  has  8  capacitor- storage  units.  The  output  device  of  tha  instrument  la 
a  commutator  with  an  8-element  capacitatlve  memory  unit.  The  work  cycle  of  the  out¬ 
put  device  is  equal  to  the  storage  time.  In  the  beginning  of  a  cycle  the  commutator 
simultaneously  connects  all  tha  memory  elements  to  the  storage  unlta  and  their  levels 


Ft*.  36.  Method  for  single-channel  recording  of  data  on 
the  frequency  and  amplitude  status  of  four  electromyogram 
recordings. 


are  memorised.  This  operation  takes  approximately  0.05  sec.  Then,  simultaneously 
with  the  cutoff  of  the  memory  units,  the  storage  units  are  cut  to  sero.  After  that, 
the  commutator  consecutively  connects  the  memory  elements  to  the  recorder  for  the 
resuming  time,  which  records  8  levels  that  reflect  the  frequency  end  amplitude  of 
the  muscle  biocurrents  In  each  of  the  four  leads  in  tha  last  second.  After  recording 
the  information  contained  in  the  lest  aessry  element,  a  drop  to  sero  is  automat le ally 
performed  and  connection  to  tha  storage  units  again  takas  place. 

The  program  for  electroencephalogram  encoding  consisted  of  determining  the  Inte¬ 
gral  values  of  the  a-,  7-  end  B-frsqusnclss  and  tha  total  signal.  Similar  methods 

of  analysis  are  extensively  <*sscrib«d  in  literature  [ill,  Four  narrow-band 

frequency  filters  and  five  storage -integrators  mere  used.  In  all,  the  four  channels 
had  20  storage- integrator s  (Fig.  37).  The  system  for  recording  on  one  channel  was 
analogous  to  the  eiectroayogrsviiic  arrangement ,  The  cogitation  tins  v?=s  2  esc.  The 
storage  time  also  uaa  about  two  sec.  Thu*  the  instrument  performed  simultaneous 
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automatic  frequency  analysis  of  two* 
second  segments  of  four  electro* 
encephalugtsiu  leads  (Tig.  38). 

As  can  be  seen.  In  both  cases 
the  principle  of  ■ Ingle-channel  re- 
cording  was  applied  to  several  bio¬ 
potential  leads.  The  same  principle 
can  be  used  for  recording  indices 

1 

that  are  different  in  character. 

In  i960  we  built  a  mockup  of 
a  recompute -encode  module  [KIM] 

■  1 1  (rate)  for  single-channel  recording 

*  j.,  of  pulee  end  respiratory  rate  and 
j'  intensity  of  movements.  A  block 

|  l!|  diagram  of  the  instrument  end  a 

•  i  i 

j,,  sample  of  a  recording  are  ahown  in 
Pig.  39b.  The  data  proeasslng 
program  consisted  of  determining 
the  pulse  and  respiration  rate  with 
the  eld  of  counters  end  the  Intensity 
of  movements  by  means  of  Integrating 
the  signals  from  a  potentiometer 
pickup.  The  circuit  generated  out¬ 
put  pulses  of  different  amplitude 
every  50  pulee  beats,  25  resplra- 

Flg.  37.  Block  diagram  of  instrument  tor 

single-channel  recording  of  four  electro-  tione,  and  20  movements.  The  out- 

encephalograms.  8JI  —  electrodes]  9  —  filters] 

y]  -  integrators;  Qf  —  memory  unite.  puts  of  three  channels  were  connected 

with  the  eld  of  an  adder  to  the  recorder  and  each  form  of  information  was  recorded 
in  the  form  of  a  definite  pulse  magnitude,  in  the  event  of  pulee  coincidence,  the 
pulse  amplitudes  were  added  together. 

It  Is  possible  to  carry  out  single -channel  recording  of  other  parameters  in  a 
similar  manner. 

The  sisqpleet  form  of  single-channel  recording  was  developed  in  reference  to  the 
"Signal"  transmitter  which  was  Installed  on  the  "Vostoks."  Zf  we  change  the  duration 
of  audio  sendings  which  correspond  to  the  pulse  rate  to  the  rhythm  of  respiration,  we 


j»nrt» 


137- 


» 


s 


1 =tit  I — I  r 

I 

„  . - 

1  wMi||r»w,»Tii,nw»rT  | 


j 


« . 


f 

> 


l- T 


HPSgfcX 


rig.  38.  Samples  of  recordings  obtained  with 
the  aid  of  an  instrument  for  single-channel 
recording  of  four  electroencephalogram  leads. 

\ )  oscillograms  at  output  of  alpha-frequency 
filter  (A)  and  asg>lifier  (E);  b)  oscillograms 
at  output  of  alpha- frequency  Integrators  (X ) 
and  total  signal  (B);  e)  single-channel  re¬ 
cording  of  four  electroencephalogram  leads. 

The  first  pulse  reflects  the  energy  of  the  total 
signal .  The  following  four  pulses  reflect  the 
energy  of  the  a-,  fl-,  y-,  and  ^-frequencies, 
respectively.  The  uate  of  four  channels  are 
consecutively  coueutated,  i.e.,  a  total  of  20 
pulses . 


Fig.  39.  Methods  of  encoding 
physiological  information,  a) 
pulse  transmission  by  means  of 
electrocaruiophone  through  "Signal" 
transmitter]  b)  recompute -encode 
system  for  three  parameters)  c) 
encoding  with  digital  computer) 

8  —  electrodes;  y  -  amplifier) 

Fir  —  converter)  PI]  —  radio  trans¬ 
mitter;  n  -  pulaaj  n  -  respiration; 

—  motion;  H-C  -  conversion  cir¬ 
cuit;  M  -  integrator;  J]p-C  —  con- 
vsrtar-addsr)  B  -  output;  AMM  - 
pulse-a»litude  modulation;  DM|  - 
pulse-width  modulation;  ijy-CC  - 
.  recovery  control  panel;  T  -  tem¬ 
perature  t  A  -  cabin  atmosphere ; 
i  iBpil  -  digital  computer;  M  —  crew 
information;  PTC  —  talemetry  syB- 

*mee 


can  obtain  additional  information  on  the  respiratory  rate.  The  technical  realisation 
of  this  idea  consists  in  controlling  the  duration  of  the  pulse  produced  by  a  slave 
multivibrator  with  the  aid  of  a  contact  reepiratlon  sensor  (Pig.  <te).  The  pulse 
length  at  inhalation  amounts  to  100-150  msec,  and  200-500  Mac  at  exhalation.  A 
similar  system  was  used  for  operational  medical  monitoring  on  the  "Voskhod." 
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K|.  40.  Single  channel  recording  of  pule*  and  respira¬ 
tory  rate  In  reference  to  a  "Signal"  aystam.  a)  block 
diagraa  of  system;  JtyA  -  contact  respiration  sensor j 
8JI  -  electrodes}  -  electrocardlograa  eaplifier; 

P8Kr  -  output  at  electrocardiogram  recorder)  Pjj  —  output 

at  pulse-rate  recorder;  3T  —  eudio- frequency  oscillator; 
GV  —  terminal  amplifier;  —  dynastic  loudspeaker;  b) 
a*mnle  of  experimental  recording  (chance  of  pulse  dura¬ 
tion  through  3K#  (EKF)  channel  In 'accordance  with  res¬ 
piration);  —  electrocardiogram;  nT  **  pneumogram; 

3K4  -  electrocardiophone  signals. 


Automatic  logical  devices  provide  an  evaluation  of  a  set  of  parameters  according 
to  specified  criteria.  Theae  devices  work  on  a  "rigid"  program,  which  la  determined 
by  ths  construction  of  the  instrument..  Different  forms  of  automatic  logical  devices 
are  described  in  the  bibliography  [5,  34,  103,  199*  758,  812],  A  distinctive  feature 
of  the  devices  considered  below  is  the  application  of  a  diode  matrix  for  realisation 
of  the  diagnostic  algorithm.  The  idea  of  employing  a  diode  matrix  belongs  to  author 
Jointly  with  the  B.  A.  Soshin  (9.  34]. 

The  algorithm  for  the  operation  of  electronic  logical  devices  can  be  represented 
in  the  general  form  of  three  consecutive  operations!  1  -  measurement  of  ths  monitored 
index  during  a  speolfied  interval  of  time  (for  instance,  determination  of  the  nus&er 
of  pulses  in  10  esc  or  the  average  voltage  level  In  the  same  interval  of  time); 
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*  -  eo«e*n»on  Of  the  nluti  obtained  with  the  specified  limits  of  the  norm  end 
determination  of  the  current  etete  of  sash  Indies  (for  lnetence,  In  the  fora  of  eym- 
hols  "H",  or  -  defending  upon  whether  the  monitored  Index  la  In  the  specified 
range,  la  lncreeaed  or  decreased)} 

9  -  oaf a rl eon  of  the  eyehole  obtained  during  the  analysis  of  separate  param¬ 
eters,  end  ehaping  of  a  conditional  code,  l.e.#  the  "diagnosis." 


In  Mcordence  with  the  coneldered  algorithm,  Fig.  41  llluetretea  a  block  diagram 
of  the  operatlona  executed  by  an  automatic  logical  ayetea. 

Two  mockups  of  logical  eye tana  working  on  the  Indicated  principle  were  developed. 
The  flret  one  wet  conetructed  in  cooparation  with  englnetre  V.  Ya.  Koatlkov,  A.  P. 
*'«l!novskly,  and  B.  A.  Soahln.  The  system  waa  designed  for  the  analysis  of  the  fol¬ 
lowing  Indices!  pulse  rate  [PR]  (mi)*  respiratory  rate  [RR]  (iyj) ,  body  temperature 
iBT]  (TT)«  conditioned  motor  reeponae  time  (MR]  (Qp),  level  of  motor  activity  [M]  (fl), 
electrical  reslatanca  or  akin  [KHB]  (8CK)>  air  temperature  [AT]  (TB)»  carbon  dioxide 
content  (CO-,),  and  oxygen  content  (Op)  in  the  surrounding  atmosphere.  A  block  dia¬ 
gram  of  the  ayetem  it  represented  in  Fig.  42,  Analysis  of  information  through  chan¬ 
nels  PR,  RR,  and  M  was  carried  out  with  the  aid  of  a  discrete  counting  circuit  on  the 
basis  of  a  binary  counter  controlled  by  e  slave  multivibrator.  Counting  was  per¬ 
formed  in  10-second  Intervale  of  time.  The  measured  values  were  compared  with  the 
specified  ones  with  the  aid  of  a  code  register  In  which  the  norms  were  recorded,  A 
comparison  circuit  controlled  by  flip- flop*  «u  used  to  analyte  Information  on  the 
remaining  channels.  A  controlled  matrix  was  used  to  shape  conditional  signals  cor¬ 
responding  to  specific  combinations  of  davlatlona.  A  program  of  logical  evaluation 
which  waa  composed  In  reference  to  different  forme  of  syncopes  is  represented  in 
Table  ll. 


'140- 


Table  11.  Procram  for  Electronic  Logical  syatem  Operation 


Fig.  4j.  Diagram  of  diode  matrix  pro- 

Flg.  42.  Block  diagram  of  automatic  graramed  In  accordance  with  Table  11 

logical  syatem  (variation  1).  (see  text). 


Figure  4t  Illustrate*  a  diagram  of  a  diode  matrix  that  was  programmed  In  accord 
mice  with  tha  table, 

A  second  logical  syatem  tree  developed  In  cooperation  with  engineers  Ye.  A. 
Zil'bertll’,  V.  N.  Kruaenehtehi,  and  V.  0.  Freydel*  [?4].  It  was  also  designed  for 
diagnosing  syncopes.  Figure  44  Illustrates  a  block  diagram  of  thla  system.  Its 
basic  units  are:  a)  transducers  for  converting  biological  process  Into  olectricel 
signals;  b)  ampllfylng-meaaurlng  units;  c)  selection  and  memory  circuits,  which 


fix  the  specified  values  of  param¬ 
eter  ij  6.)  a  control  system*  e)  en¬ 
coders  for  determining  specified 
•yoptom  complexes  In  a  combination 
of  deviations  (ayaptotae);  f)  signal 
Indicator, 

Six  physiological  indices  were 
selected,  of  which  three  can  be  mea¬ 
sured  by  the  nuuiber  of  pulses  per 
unit  time  [pulse  rate  (411),  respira¬ 
tion  rate  actograra  (A)],  and 

three  can  be  measured  as  voltage 
la vela  [skin  temperature  (TK),  oxy- 
hemogram  (OFT),  and  cranial  electro- 
plethyemogram  (BIT)] . 

The  measuring  system  for  pulse 
counting  is  s  binary  flip-flop  counter.  The  aalectlon  circuit  1b  a  logical  "And" 
circuit  with  the  necessary  number  of  inputs.  At  the  circuit  output  there  is  a  stor¬ 
age  cell  flip-flop.  The  norm  range  is  set  up  by  connecting  the  inputs  of  the  selec¬ 
tor!  circuit  to  the  necessary  counter  collectors.  The  circuit  for  the  selection  of 
tr  in  the  form  of  voltage  levels  works  on  the  principle  of  a  stabiJLltron  pulse 
height  discriminator  and  also  haB  a  storage-cell  flip-flop.  The  control  system  auto- 
\atically  connects  the  storage  cells  and  sets  the  counters  at  the  Initial  state  at 
the  end  of  every  measurement  cycle  (from  10  to  60  sec).  For  simplification  of  the 
circuit,  only  two  states  are  selected:  "H"  and  State  is  determined  In  the 

first  stage  of  the  encoder  by  the  absence  of  signals  and  "H".  In  the  second 
stage  of  the  encoder  the  logical  operation  of  comparing  the  Btate  of  the  six  indices 
is  performed  and  the  output  signal  Is  shaped.  The  algorithm  la  given  in  matrix  form 
(Table  12).  The  encoders  are  diode-matrix  circuits. 


ko* 


Fig.  44.  Block  diagram  of  automatic  logical 
system  (variation  2).  iffi  -  pulse-rate  trans¬ 
ducer*  Hfl  ~  respiratory-rate  transducer*  A  — 
actogrta  transducer*  TK  —  skin-temperature 
transducer;  OFT  -  oxyhemogram  transducer* 

SIT  -  electroplethyemogrem  transducer  (for 
measuring  blood  supply  to  the  brain);  y^B  - 
aaplifylng-msaturing  units;  CX03  —  informa¬ 
tion  selection  and  storage  circuits;  — 
two-stege  encoder;  HB  —  indicator  unit;  — 
control  unit;  £  —  dynamic  loudspeaker  for 
supplying  audio  signal. 


Table  12.  Algorithm  for  Logical  System  Operation 
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Hian-Spced  Digital  Systems  for  Processing 

^  *!Wiiabglc*rihf6raAtiori - * 

Digital  technology  opens  up  abaclutely  new  possibilities  in  the  area  of  medical 
monitoring  by  providing  the  complete  simulation  of  the  physician's  logic  in  those 
cases  when  it  can  be  expressed  by  a  specific  algorithm.  A  digital  system  can  wort 
on  a  "flexible"  program  and  pertains  to  the  class  of  "diagnostic  machines." 

The  application  of  a  digital  computer  for  diagnostic  purposes  is  an  absolutely 
new  aiid  little  investigated  field.  On-board  diagnostic  machines  are  distinguished 
by  the  obligatory  introduction  of  information  directly  from  the  astronaut.  A.  h. 
Zhdanov,  V.  V.  Bogdanov,  and  L.  A.  Kazar'yan  participated  in  the  development  of  the 
flrat  mockup  of  an  automatic  medical  monitoring  aystem  on  a  specialized  digital  com¬ 
puter  base  [33,  36,  208], 

The  flrat  experiment  uaed  an  algorithm  which  waa  given  In  matrix  form-  Itils, 
however,  was  only  a  check  of  the  possibilities  of  using  a  specialized  digital  com¬ 
puter  (CUEH)  [SDC ]  for  processing  medical  information. 

The  SDC  for  automatic  medical  monitoring  consisted  of  the  following  functional 


modules!  an  input  unit  [Ulnf  (y^li  an  arithmetic  unit  [AD]  (Ay),  a  control  unit  [CU] 
(yy),  a  magnetic  operational  storage  [NOS]  (U03y),  a  permanent  storage  [PS]  (fly). 


and  an  output  unit  [U^]!  (y^).  A  block  diagram  of  the  SDC  is  shown  in  Pig.  45. 


Fig.  45.  Block  diagram  of  a  specialized  digital 
computer  used  in  an  automatic  medical  monitoring 
system.  4  —  transducers;  $A  -  physiologic  equip¬ 
ment}  Aim  -  analog- to-digltal  converter}  A/  - 
arithmetic  unit}  yy  -  control  unit}  M03r  -  mag¬ 
netic  operational  storage}  fly  -  permanent  storage; 
y  —  output  unit. 


The  Input  unit  consists  of  a  number  of  analog-to-digital  converters,  the  character¬ 
istics  of  which  are  given  in  Table  13. 

The  magnetic  operational  atorage  has  the  capacity  necessary  for  storing  currant 
Information  proceeding  from  the  converters  during  the  measuring  cycle. 
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Table  13.  Characteristics  input  Converters  of  Automtlc  Medical  Monl 

’  torlng  tyitra 


Parameter 

Type  of  converter 

Accuracy 

of 

conversion 

Speed 

of 

quantisation 

pulse  mate 

Period-to-dlgit 

40.05  aec 

- 

heeplratory  rate 

The  same 

40.8  sec 

- 

Skin  taaperatura 

Volta -to-dlgit 

42* 

1  par  minute 

Kotor  activity 

Prequency-to-digit 

41  cpe 

- 

dalvanic  akin  response 

Volts -to-dlglt 

5  per  second 

Mechanical  work  of  heart 

The  same 

41* 

100  per  second 

Conditioned-motor  response 

Perlod-to-dlglt 

40.01  tec 

- 

Air  pressure 

Volte-to- digit 

42* 

1  per  minute 

Atmospheric  humidity 

The  tame 

*a* 

The  asms 

Air  temperature 

The  asms 

±2* 

The  same 

Carbon  dioxide  content 

The  same 

42* 

The  seme 

Oxygen  content 

The  same 

42* 

The  same 

With  the  development  of  an  appropriate  algorithm  the  MOB  capacity  can  he  brought 
up  to  32  characters.  Thus,  for  example,  during  ths  analysis  of  ballistocardiograms 
(aelsmocardlograsu)  It  is  not  necessary  to  store  all  curve  points;  It  Is  sufficient 
to  determine  only  Its  characteristic  points  so  that  In  subsequent  measurements  it  is 

essary  only  to  compare  the  recorded  values  with  the  new  ones  and  correct  them  dur- 

.  • 

rig  the  entire  measuring  cycle.  Ths  PS  holds  the  machine-operation  program  and  con¬ 
stant  numbers  (norm  limits  of  every  parameter).  The  PS  capacity  is  e^ual  to  1024 
13-blt  binary  numbers .  The  AU  la  high-speed  with  several  thousand  operations  per 
second  and  performs  its  computations  with  a  fixed  point.  The  output  unit  records 
data  with  the  aid  of  a  digital  teletype  (for  operation  under  laboratory  conditions), 
and  alto  can  send  Information  to  the  telemetry  system  to  an  indicator  to  inform  the 
crew. 

An  operational  program  of  a  digital  computer  for  evaluating  the  state  of  an 
astronaut  and  llfe-aupport  systems  was  constructed  similar  .to  the  matrix  table  type 
analogous  to  Tables  10  and  11. 

Figure  46  Illustrates  a  sample  of  a  recording  obtained  during  laboratory  tests 
of  a  BDC  mockup.  Simultaneously  with  ths  Input  to  the  SDC,  direct  recording  of  a 
number  of  parameters  was  performed  on  an  ink  recorder  followed  by  "manual"  data 
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Fig,  46 .  Sample  of  recording  obtained  during  laboratory 
teats  of  a  SDC  mockup  with  a  medical  monitoring  program. 
II  —  pulse i  A  —  respirationj  Jfcs  —  motion;  All  -  pulse  ar¬ 
rhythmia;  AJl  -  respiration  arrhythmia;  IT  —  body  temper¬ 
ature  ;  K  —  code. 


analysis.  A  comparative  evaluation  of  "machine"  and  "manual"  data  processing  indi¬ 
cated  that  only  in  5%  of  caseB  were  there  observed  any  machine  processing  "errors." 
The  causes  of  these  errors  consisted  in  the  fact  that  interferences  (short  duration 
failures)  were  considered  by  the  machine  as  useful  information,  while  they  were  re¬ 
jected  In  manual  processing.  Various  algorithms  can  be  suggested  for  machine  detec¬ 
tion  of  Interferences  [345]. 

The  following  stage  of  research  was  devoted  to  automating  the  medical  research 


program.  Inis  was  none  xn  cooperation  wxtn  v.  a.  onarov  ana  n.  n..  oaem'snev.  rirsi 
of  all,  the  input  of  analog  information  from  on-board  physiological  equipment  to  the 
memory  unit  of  a  digital  computer  was  worked  out.  The  quantisation  frequency  of  each 
parameter  was  selected  In  accordance  with  the  requirements  in  Table  3.  Input  of  an 
electrocardiogram,  seismogram,  pneumogram,  sphygmogram,  and  other  indicators  was 
conducted. 

Then  by  means  of  constructing  curves  for  the  discrete  values  of  the  parameters 
contained  In  the  memory  unit,  the  quality  of  operation  of  the  converter  was  checked. 

A  sample  of  a  recording  obtained  by  means  of  artificial  "readout"  of  data  from  the 
machine  memory  is  shown  in  Fig.  4?. 


Fig.  *7.  Readout  of  dlaorota  voltage  levels  depleting 
electrocardiogram  (1)  and  selemocardiograa  (2)  signal* 
fro*  3 DC  memory. 

The  dlacreta  valuta  of  the  parameters  war*  subjected  to  analysis  In  accordance 
with  4  .«  developed  algorithms.  Figures  were  obtained  at  the  machine  output  which 
characterised  the  various  oscillogram  indices.  Thus,  automatic  Interpretation  of  an 
electrocardiogram,  selsmocardlogram,  sphygmogram,  and  alectropneumogram  was  conducted 
.th  the  aid  of  an  3 DC.  Hie  number  of  Indices  that  were  automatically  confuted 
ounted  to  to.  The  most  Important  things  here,  however,  le  a  fundamental  solution 
to  the  problem  of  data  analyals  directly  In  the  reaearch  process.  On  the  given  stsge 
of  automation  of  madlcal  research  it  was  decided  to  be  limited  to  the  automatic  com¬ 
putation  of  separate  Indices.  The  logical  evaluation  of  Indices  and  the  making  of  a 
diagnosis  are  special  Independent  problems,  the  solution  of  which  requires  extensive 
research. 
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CHAPTER  6 


SOME  PROBLEMS  OP  PHYSIOLOGICAL  MEASUREMENT 
IN  INTERPLANETARY  PLI0HT8 

The  gigantic  rate  of  development  of  aatronautlde  le  malting  flights  to  the  Moon 
and  planets  of  the  solar  system  a  reality.  A  large  number  of  Investigations  today 
are  being  directed  towards  the  solution  of  problems  related  to  medical  security  In 
long-term  and  long-range  Interplanetary  flights. 

These  Investigations  Include  the  work  on  the  creation  of  partially  and  eoagpletely 
closed  ecologlc  systems  [86,  237]*  work  on  the  psychology  of  group  activity  end  pro¬ 
longed  isolation  [50,  92,  93],  work  on  hypodynamia  [125],  on  the  selection  of  an 
optimum  microclimate  for  spacecraft  cabins  [296,  703],  and  on  establishing  programs 
of  work  and  rest  In  a  long-term  flight  [71*,  78],  Orbital  variations  for  flight  to 
the  Moon,  Mara,  and  Venus  were  subjected  to  detailed  analysis  [278],  However,  the 
problems  of  medical  security  In  Interplanetary  flights  with  respect  to  physiological 
measurements  and  diagnostics  are  not  sufficiently  discussed  In  literature. 

Lovelace  and  Schwlchtenberg  point  out  that  the  further  away  man  Is  from  Earth, 
the  more  difficult  It  is  to  ensure  the  safety  of  his  existence  and  return  [608].  Of 
Importance,  therefore,  is  reliable  medical  monitoring  end  the  collection  of  physic 
logical  data  on  the  Influence  of  Interplanetary  factora  on  nan  [451,  533,  610,  778], 

It  le  aesumed  that  men 'a  conquest  of  space  will  consist  of  the  fulfillment  of 
a  series  of  succssslvsly  more  complicated  programs.  Thus,  the  United  Statee,  after 
fulfillment  of  the  "Mercury"  program  (twenty- four  hour  orbital  flight),  plana  to 
first  carry  out  the  "Oeminl"  f"Twlne")  program  -  a  two-man  flight  around  the  Earth 
for  14  days  —  end  then  Project  "Apollo"  —  a  flight  to  the  Moon  with  e  return  to  Berth 
[451,  528,  683],  Tn  addition,  the  Americans  Intend  to  develop  plans  for  the  creation 
of  piloted  artificial  earth  satellites  on  the  basis  of  the  X-15  aircraft  (Projact 
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"fiiyna-Soer")  and  irt  conducting  research  on  the  development  of  lone- term  apace  (or- 
I1U1  and  interplanetary)  stations  [*50,  *51].  Tho  construction  of  aupport  and  mcni- 
torlne  systems  on  a  spacecraft  •aoontlally  depends  on  tho  duration  and  range  of  flight 
and  ita  character .  Johnaton  propoaea  thraa  typo a  of  acnltorlng  systems:  1)  the 
"Mercury"  tgfbfi)  tba  "Ape Ho”  types  9)  aya tana  far  annas  atatlona  [5*1]. 

A  aarlaa  of  flight  experiments  with  anlnala  haa  boon  aat  up  for  lnvaatigatlng 
tha  Influence  of  prolonged  weightlessness,  coanlo  radiation,  and  othar  factors  [552]. 
Projects  have  boon  plannad  which  arw  Involved  with  tho  aoareh  for  extraterrestrial 
Ufa  [125,  555*  5*7  *  595.  759*  592*  791]*  and  in  tho  nora  distant  future,  tha  reall- 
satlon  of  flights  to  Mara  and  VOnus  and  tha  ersatlon  of  an  lnhabltad  station  on  Mara 
and  lnhabltad  aatallltaa  of  Yenus  and  JUpltsr  haa  boon  propoaad  [568]. 

Thus,  at  present  tha  no  at  fantastic  projeete  ha  vs  baeona  tha  subject  of  scien¬ 
tific  investigation  and  a  van  taohnloal  designing  and  nodal  log.  Numroua  trainers  and 
simulators  are  b*ln|  uaad  to  study  tha  conditions  of  flight  to  tha  Moon  and  Mars  and 
to  claar  up  a  nuabar  of  questions  related  to  prolonged  hypodynamia,  isolation,  and 
so  forth  [601,  51*.  *90]. 

Tha  prophstlc  words  of  tha  father  of  astronautics,  K.  B.  Tslolkovsky,  are  being 
fulfilled t  "Barth  la  tha  cradle  of  huaanlty,  but  it  Is  to  live  forever  in 

a  c.  die. "  Huaanlty  la  now  earnestly  preparing  to  laave  lta  cradle,  the  Barth. 

Let  ua  consider  In  greater  detail  certain  questions  of  physiological  measure¬ 
ment  in  a  long* t era  (Interplanetary)  space  flight. 

Flight  to  the  Moon  and  mtry  Into  Space 

It  Is  natural  that  the  nearest  neighbor  of  Barth  and  ltB  eternal  satellite,  the 
toon,  wild  be  the  first  goal  of  astronautics.  The  U.  S.  Government  has  officially 
declare  ;hat  reaching  tha  Moon  Is  one  of  Its  laportant  national  concerns.  In  view 
of  this,  besides  tha  serious  research  being  dona,  tha  United  States  Is  clearly  at¬ 
tending  t  .  carry  out  adventurous  projects  for  a  "one-way  flight  to  the  Moon"  [7*90 ] . 
This  proo-t  proposed  to  sand  a  man  to  tha  Moon  Immediately,  as  soon  as  a  reliable 
lunar-landing  system  la  worked  out,  even  before  ensuring  tha  possibility  of  his  re¬ 
turn.  The  astronaut  will  return  in  2  or  5  yaOrs*  whan  space  technology  has  reached 
tha  appropriate  level.  Zt  proposed  to  use  a  rocket  as  tha  astronaut's  living  quarters 
and  to  supply  him  with  tha  aid  of  cargo  rockets.  It  haa  been  calculated  that  approxi¬ 
mately  15  rockets  a  year  will  have  to  be  sent  to  the  Noon  in  older  to  support  one  man. 

Similar  sntl -humane  projects  are  alien  to  Soviet  eelentiets.  As  long  as  tha 
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conditions  for  a  safe  flight  to  the  Moon  and  return  are  not  ensured,  we  will  not 
plan  such  a  flight. 

The  large  amount  of  work  being  conducted  In  the  USSR  on  the  creation  of  a  reli¬ 
able  technical  base  for  the  realization  of  flights  to  the  Moon  and  other  planets  is 
confirmed,  for  Instance,  by  the  statement  made  by  the  chief  spacecraft  designer  In 
"Pravda"  1  January  1961*. 

One  of  the  first  tasks  of  space  technology  and  apace  medicine  consists  of  in¬ 
creasing  the  length  of  man's  stay  In  outer  space.  American  scientists  have  planned 
to  carry  out  a  14-day  two-man  orbital  flight  In  the  next  few  years  (Project  "Oeuinl"). 
This  project  le  a  logical  development  of  the  "Mercury"  program  and  lta  prime  mission 
U  to  prepare  for  a  lunar  flight,  including  the  testing  of  new  apace  systems,  rockets, 
ana  equipment,  and  also  experimenting  with  the  entry  of  one  man  Into  apace  (?8l]. 

It  has  been  proposed  that  the  first  manned  flight  In  a  "Gemini"  capsule  will  be  car¬ 
ried  out  in  1964  and  it  will  be  orbital  [365].  The  "Qemlnl"  la  a  two-man  spacecraft 
with  a  volume  50 #  larger  than  that  of  "Mercury"  and  twice  aa  heavy.  Its  shape  1b 
the  same  as  the  "Mercury"  capsule.  The  craft  has  two  ejection  seats.  One  of  the 
pilots  sits  at  the  control  panel,  and  the  second  watches  the  Instruments  which  indi¬ 
cate  the  operation  of  the  on-board  systems.  They  have  spaceaulta  with  a  15-minute 
oxygen  supply.  It  Is  possibly  to  leave  the  craft  in  a  spaceauit  while  in  orbit  with 
a  30-minute  oxygen  supply  [488],  Regarding  the  physiological  measurements ,  they 
essentially  will  not  differ  from  the  measurement*  conducted  under  the  "Mercury"  pro¬ 
gram  [38i]. 

Certain  changes  in  the  physiological  monitoring  program  are  planned  in  reference 
to  the  "Apollo"  craft.  Pirat  of  all,  they  propose  to  use  "minor"  telemetry  eince  the 
duration  of  flight  and  the  necessity  of  active  participation  in  control  of  the  craft 
make  wire  communications  between  the  astronaut  and  the  on-board  equipment  very 
Inconvenient. 

Several  new  research  methods  plan  to  employ  phonocardiography.  Total  equipment 
weight  is  approximately  2.5  kilograms  and  power  consumption  la  25  watts,  including 
23  watts  for  relay  and  motor  operation.  Output  voltage  Is  1.5  volts  [387,  811], 

An  "Apollo"  capsule  should  be  used  in  the  fulfillment  of  the  12H  (Lunar  Excursion 
Module)  program.  This  program  anticipates  the  creation  of  a  three-module  spacecraft: 
a  5-ton  control  module,  a  21-ton  engine  module,  and  a  12.5-ton  lunar  module.  The 
control  module  will  contain  three  astronauts  (the  "Apollo"  craft  proper).  Two  astro¬ 
nauts  will  transfer  to  the  lunar  module  in  lunar  orbit  and  descend  to  the  lunar 
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surface.  Landing  and  takeoff  froa  tha  Moon  la  accomplished  with  tha  same  angina. 

After  entering  lunar  orbit  and  docking  with  the  main  craft,  the  astronauts  will  again 
transfer  froa  the  lunar  nodule  tu  the  "Apollo"  craft  (682,  609].  This,  in  broad 
terms,  la  the  American  lunar  flight  project. 

Problems  of  the  realisation  of  a  flight  to  the  Moon  have  been  agitating  the 
representatives  of  varloua  aclancaa  for  a  long  tlaet  astronomy,  rocket  technology, 
biology.  The  Soviet  Union  hae  an  undlaputabla  priority  in  the  development  of  these 
problems  ae  well  ae  in  the  first  practical  results.  On  the  night  of  1}  to  14  Sep- 
teaber  1959,  the  second  Soviet  spacecraft  reached  the  surface  of  the  Moon  and  placed 
a  banner  bearing  the  aeal  of  the  USSR  in  the  region  of  the  western  part  of  tha  sea 
of  Rains.  In  October  1999,  a  Soviet  automatic  interplanetary  station  photographed 
tha  far  aide  of  the  Moon  and  transmitted  the  photographs  to  Earth. 

These  outstanding  results  of  Soviet  science  are  involved  with  astronomical, 
mathematical,  and  scientific -technical  research,  which  originated  with  the  works  of 
K.  Tslolkovsky.  The  probleaa  of  flight  to  the  Moon  are  considered  in  detail  in  the 
monographs  by  V.  2.  Levantovakly  [157]  and  A.  A.  Shtemfel'd  [278], 

Tha  preparation  for  a  flight  to  tha  Moon  raquires  a  thorough  study  of  the  condi¬ 
tions  which  nan  will  encounter  on  this  planet.  Xt  is  known  thet  the  Moon  Is  a  dead 
and  uninviting  world.  The  ah sane a  of  an  atmosphere,  the  sharp  fluctuations  in  tem- 
*vturs,  cosmic  radiation,  and  meteoritic  danger  -  this  by  far  is  not  a  complete 
.  3t  of  the  factors  which  must  be  taken  into  account  when  organizing  a  lunar  expedi¬ 
tion  [157,  357,  609].  The  flrat  investigations  of  the  Moon  will  be  carried  out  with 
the  aid  of  automatic  instruments  [157,  627]}  however,  manned  flight  will  Involve  a 
great  number  of  unstudied  factors. 

Lowrey  end  Ray,  in  considering  the  "human  factors  of  a  flight  to  the  Moon," 
along  with  others,  note  the  following  psychological  factors «  isolation,  disorienta¬ 
tion,  mantel  fatigue,  motivational  disturbances,  insoonia,  a  sensation  of  the  "un¬ 
known,"  and  others  [609]. 

It  is  clear  that  medical  monitoring  and  detailed  medical  research  are  a  necessary 
element  of  any  lunar  program.  For  the  purpose  of  preparing  and  training  astronauts, 
special  trainers  and  simulators  have  been  developed  both  for  investigating  their 
reactions  during  In-flight  spacecraft  control  in  flight  [603,  808]  and  during  landing 
[383],  and  also  while  they  are  on  the  Moon  [783]. 

A  flight  to  the  Moon  will  require  the  continuous  monitoring  of  basic  functions 
with  Information  storage  end  transmission  during  alternate  communications  periods 
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with  Earth,  There  should  alio  be  the  possibility  of  sending  warning  algnale  to  the 
crew  from  an  automatic  on-board  device  which  processes  both  physiological  and  tech¬ 
nical  Information  [288],  After  landing,  one  of  the  moot  critical  operations  will  be 
the  astronauts'  descent  to  the  surface  of  the  Moon,  which  will  demand  medical  moni¬ 
toring  with  Indications  of  aatronaut  condition  on  board  the  craft. 

A  man  on  the  Moon  will  accomplish  active  and  purposeful  teaks.  The  construction 
of  e  lunar  basa,  tha  obtalraant  of  air,  water,  and  food  from  lunar  materials,  tha 
uae  of  aolar  radiation  aa  a  aouroa  of  energy  —  thaae  are  the  tasks  connected  with 
supporting  astronaut  life.  Since  the  dey-tlme  temperature  of  the  lunar  surface 
reaches  100°,  and  at  night  dropa  to  -121°,  Immediately  after  the  astronauts  arrive  on 
tl,'  Moon,  they  must  dig  Into  Its  surface  layer  or  make  a  shelter  for  protection  from 
extreme  temperatures  and  radiation  which  la  not  weakened  by  the  atmosphere  es  on 
Earth  [783].  Inasmuch  aa  tha  life  of  people  on  the  Moon  (for  the  first  time)  will 
depend  on  their  ability  to  parform  various  forms  of  activity,  mmdlcal  monitoring  and 
medical  research  should  occupy  an  Important  place  in  the  lunar-conquest  program. 

A  significant  place  In  medical  support  of  human  activity  on  the  Moon  apparent ly 
will  be  occupied  by  biotelemetry  systems  of  the  "spaeesult-to-epaeecraft"  type,  which 
will  be  employed  to  transmit  biological  and  technical  information  and  to  conduct  two- 
wmy  radio  communications  [40]. 

Medical  monitoring  during  entry  Into  space  and  on  tne  surrace  of  tha  Moon  In¬ 
volves  the  use  of  various,  sensors  and  electrodes,  lexifiers  end  radio  links.  Now 
there  already  are  corporate  proposals  on  the  problems  of  constructing  a  physiological 
measurement  system  to  be  used  for  these  purposes,  in  cooparatlon  with  K.  P.  Zazykln, 
N.  P.  aasonov,  and  V.  R.  Fraydel ' ,  we  propoaad  to  uae  the  elements  of  lntracabln 
telemetry  sy stems  for  medical  monitoring  during  entry  into  apace  and  on  the  surface 
of  pianete  [4oj.  This  proposal  was  dictated  both  by  limitations  In  volume,  weight, 
and  pewar  consumption  of  tha  equipment  which  can  be  taken  on  the  flight,  and  also  by 
tha  alngla  oonaapt  of  aadleal  monitoring,  l.e.,  the  comparability  of  data  obtained 
on  tha  Earth,  In  apace,  and  on  the  Moon,  The  tensors  and  electrodes  for  medical 
monitoring*  and  the  aapllflers  and  transmitter  of  lntracabln  telemetry  can  be  con- 
slparad  as  the  ^ouroe  of  information  for  the  "spacesult-to-apacecraft"  radio  link. 
After  adding  a  power  amplifier  to  the  transmitter  of  the  lntracabln  bloteleaetry  sys¬ 
tem,  it  Is  possible  to  considerably  Increase  the  communications  range.  It  is  possible 
that  the  number  of  physiological  parameters  to  ba  monitored  during  entry  and  on  the 
surfjss  of  the  Mmsn  should  be  Increased  «i  cohered  to  lntracabln  monitoring.  It  is 


expedient  to  Introduce  •  nuefeer  of  research  measurements.  Of  lwportancs  in  such 
«y»tm,  apparently,  will  bo  the  measurement  of  tho  hygienic  parameters  of  the  epace- 
tuit  end  two-way  rodlo  communications.  dolor  batteries  eiy  bo  used  to  supply  power 
to  the  radio  equipment  of  the  epaeoeult. 

»iM>tMi>ttl  tMtitaMe  which  derive  their  power  froa  photocells  have  already 
hewn  described  in  literature i  e.g. ,  a  pulsoaeter  in  the  form  of  a  carbon  nlcrophone 
with  mi  amplifier  having  a  consumption  of  2  aa  operates  froa  storage  batteries  with 
recharging  froa  selenlua  photocells  [588], 

The  "speeeeult-to-epaaeereft"  radio  link  is  a  version  of  "long-range"  dynamic 
bloteleaetry  and  differs  In  Its  paraaeters  froa  the  dynamic  telemetry  systems  that 
are  applied  Inside  a  cabin  In  sports  asdlolne  (Table  it). 


Table  It.  Characteristics  of  Ofnaalo  Telemetry  Systems 


r* 

Space  medicine 

index  of  ayatem 

Inside 

cabin 

entry  Into 
•pace  and 

an  surface 
of  Noon 

sports 

asdlolne 

Range  of  operation 

up  to  10  a 

1-10  km 

50-2000  m 

Service  life 

l-?0  days 

3-12  hours 

up  to  3  houra 

In  connection  with  the  given  characteristics,  we  can  propose  a  classification 
-  bloteleaetry  systems  in  astronautics  on  the  basis  of  range  criteria  (Fig.  48). 

•i*.  propoae  to  distinguish  flva  types  of  radio  links:  ultra- short-range,  short-range, 
medium- range,  long-range,  end  ultra- long-range. 

Ultra- short -range  radio  links  are  designed  for  research  and  monitoring  at  dls- 
tanoes  up  to  i  a.  Their  areas  of  application  are  e  "Vostok"  or  "Mercury"  cabins, 
•end  also  Investigation—  of  animal—  und— r  condition—  of  fr— —  move  m— nt  Inside  small 
locations  (cages).  Systeaa  of  thla  type  may  eaploy  inductive  methods  for  supplying 
power  to  the  telemetry  equipment  and  may  use  Implanted  systems  with  a  biological 


power  supply. 

Short-range  radio  links  are  basically  lntracab In  "minor"  telemetry  systems  with 
e  range  of  operation  up  to  1C  a.  In  reference  to  terreetrlal  conditions,  short-range 
radio  links  can  be  hospital  biotelemetry  lines,  certain  forma  of  sports  biotelemetry 
(Inside  a  gymnaalua),  and  others.  The  maximum  range  of  action  of  short-range  radio 
links  can  be  50  or  100  m. 
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Fig.  48.  Classification  of  space  biotelemetry  sys¬ 
tems.  CK  —  ultra-short-range;  K  -  short-range; 

C  -  medium  range;  4U1  -  long  range;  C,H  —  ultra-long- 
range;  .K  —  animal;  1 1  —  human;  ^  —  sensor;  — 
sensor- transmitter;  RpM  -  receiver;  T  —  generator; 

P  -  recorder;  HTfl  -  transmitter;  y  -  amplifier; 

CK®  —  specesult;  KK  -  spacecraft;  3y  -  memory  unit; 
BA  —  on-board  equipment;  PTC6  -  on-board  telemetry 
system;  PTCH  -  ground  telemetry  system. 


Medium-range  radio  links  Include  tne  "spacesult-tc-spacecraft"  systems  which 
will  be  used  during  entry  and  on  the  surface  of  the  Moon  and  planets.  Its  Indicated 
range  of  up  to  10  km  Is  tenatlve  Inasmuch  as  the  limits  of  direct  visibility  on  the 
Moon,  due  to  its  large  curvature  of  surface,  are  restricted  to  a  total  of  1  km.  Com¬ 
munication  will  be  extremely  difficult  on  the  Moon  since  the  absence  of  an  ionosphere 
makes  It  Impossible  to  employ  radio  link;  without  direct  visibility  between  the 
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receiving  and  transmitting  antennas.  In  connection  with  this  there  ere  proposals 
concerning  the  realisation  of  communications  with  the  aid  of  seismic  waves  from 
microexplosions  that  can  be  produced  In  atrlctly  specified  time  and  spread  through 
the  hard  crust  of  the  Moon  (819],  During  entry  It  may  possibly  be  required  to  trans¬ 
mit  physiological  data  from  an  astronaut  at  a  distance  of  up  to  10  km. 

from  the  general-medicine  point  of  view,  medium- range  radio  links  pertain  to 
the  fields  of  sports  medicine  and  the  physiology  of  work. 

Long-range  radio  links  are  used  to  transmit  dats  from  a  spacecraft  or  airplane 
to  Earth  and  also  to  transmit  biological  information  from  one  point  to  another  on 
the  surface  of  the  Earth.  The  maximum  distances  in  this  case  can  reach  20  thousand 
km.  Experiments  on  the  transmission  of  physiological  data  by  radio  have  already 
been  conducted.  Thus,  in  1959  an  electrocardiogram  was  transmitted  from  the  aircraft 
carrier  "Franklin  Roosevelt,"  which  was  near  the  shores  of  Qreece,  to  Washington 
[722].  Recently,  an  electrocardiogram  was  transmitted  through  the  American  artificial 
earth  satellite  "Telestar". 

Ultra- long- range  radio  links  provide  for  the  transmission  of  information  at  dis¬ 
tances  of  over  20  thousand  km.  Radio  links  of  this  type  will  be  applied  for  communi¬ 
cations  with  a  spacecraft  on  a  clrcumlunar  trajectory  and  during  landing  on  the  Moon, 
and  with  space  stations  at  a  large  distance  from  the  Earth  and  with  a  lunar  base.  An 
essential  role  is  played  here  by  coordination  of  the  volume  of  information  with  the 
carrying  capacity  of  the  channels. 

It  is  necessary  to  employ  methods  of  optimum  encoding.  Long-range  radio  links, 
in  the  fullest  sense,  amount  to  "space  telemetry." 

The  organization  of  a  flight  to  the  Moon  as  one  of  the  important  aspects  re¬ 
quires  a  study  of  the  problem  of  the  transmission  of  biological  and  physiological 
information  from  the  Moon  to  the  Earth.  Certain  sides  of  this  problem  were  considered 
in  Chapter  2. 

Flight  to  Mars  and  Other  Planets  of  the  Solar  System 

The  next  space  goal  after  the  Moon  will  be  Mers  [798].  This  assumption  ensues 
from  a  large  number  of  astronomical,  biological,  and  technical  considerations  [157, 
150,  2?l*.,  821].  There  a;e  many  different  projects  for  a  flight  to  Mars.  One  of 
these  projects  anticipates  the  creation  of  a  spacecraft  that  consists  of  two  capsules 
(one  reserve  in  case  of  damage  to  the  craft).  Each  capsule  consists  of  three  modules: 
1  —  for  life  support  during  an  extended  flight;  2  —  for  orbiting  Mers,  landing  and 
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takeoff;  3  -  for  control  in  stages;  launch,  correction  of  orbit,  and  return.  The 
crew  is  made  up  of  3-8  men  [798], 

The  Douglas  Company,  under  contract  to  NA3A,  developed  detailed  specifications 
for  all  systems  to  provide  for  a  3  to  10  man  expedition  to  Mars.  The  duration  of  the 
expedition  is  to  be  from  1  to  3  years.  The  length  of  stay  on  Mara  will  be  10-50 
days  [807]. 

A  project  for  an  Interplanetary  spacecraft  with  a  nuclear  engine  for  a  four-man 
15-month  flight  to  Mars  was  recently  published  [815].  The  craft  should  be  assembled 
ir.  a  satellite  orbit.  A  special  two-man  module  Is  being  developed  for  landing  on 
Mare. 

One  of  the  chief  characteristics  of  the  physiological  measurement  and  information 
system  of  interplanetary  spacecraft  is  the  participation  of  a  physician  (craw  aeniber) 
in  Its  operation.  The  necessity  of  the  participation  of  a  physician  lit  an  inter¬ 
planetary  expedition  is  mentioned  in  many  works  [798,  635,  536].  The  United  States 
has  even  named  its  first  pny a lei an -astronaut  candidate,  a  famous  specialist  in  the 
field  of  space  physiology.  Doctor  Roman  [79?]. 

However,  as  we  know,  the  first  physician  in  space  was  a  Soviet  cltlsen,  Boris 
Borisovich  Yegorov,  a  member  of  the  ’’Voskhod"  crew.  Of  definite  importance  in  the 
sense  of  gaining  experience  in  medical  support  of  extended  space  flights  will  be  the 
orbital  space  stations  whose  launching  will  precede  the  interplanetary  flights  [365, 
521,  5^7,  681,  796]. 

The  long  duration  of  an  interplanetary  flight  and  the  presence  of  a  physician 
In  the  crew,  and  also  the  use  of  on-board  automatic  data  processing  and  storage  sys¬ 
tems  requires  the  development  of  new  principles  of  construction  of  physiological 
measurement  and  information  systems.  First  of  all  it  is  necessary  to  determine  the 
main  tasks  which  must  be  performed  with  the  aid  of  physiological  measurements  on  an 
interplanetary  spacecraft.  It  is  possible  to  cite  at  least  four  such  problems: 

1.  Operational  medical  monitoring  carried  out  by  the  spacecraft  physician 
periodically  in  separate  periods  of  flight. 

2.  Planned,  dispensary,  general -me die ins  investigations  of  crew  members  for 
the  purpose  of  evaluating  the  state  cf  their  health  and  collecting  scientific  infor¬ 
mation  on  the  influence  of  the  factors  of  an  extended  interplanetary  flight  on  the 
physiological  functions  of  man. 

3.  Special  medical  investigations  conducted  for  the  purpose  of  more  thorough 
monitoring  of  separate  systems  and  organs  and  for  diagnosing  disaases  which  may 
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appear  taring  flight. 

* »  of  the  basic  results  of  all  physiological  measurements  to  Barth. 

;*  Considering  that  the  physiological  measuring  system  has  a  means  of  collecting, 
converting,  transmitting,  and  recording  data,  we  will  try  to  Illustrate  the  possible 
structure  of  such  a  system  which  would  correspond  to  the  problem  on  hend.  First  we 
shall  consider  the  ways  of  solving  separate  problems. 

Magical  Monitoring  on  an  Interplanetary  spacecraft  should  be  carried  out  period¬ 
ically  according  to  a  definite  program,  and  also  beyond  the  program,  when  there  is  a 
possibility  of  the  appearance  of  dangaroua  deviations  In  the  state  of  health  of  the 
crow  mothers.  All  similar  situations  cannot  be  foreseen  beforehand.  Some  of  them 
can  be  cited  newt  the  performance  of  repair  operations  In  space,  a  considerable  in¬ 
crease  In  radioactivity,  disturbances  in  alr-condltlonlng  and  heat-control  systems, 
braking  of  the  spacecraft  when  executing  a  maneuver  and  taring  landing,  and  so  forth. 
In  theaa  emaes  the  necessary  aansore  and  alsetrodas  are  attached  by  the  physician 
(or  by  the  astronaut  himself)  and  the  appropriate  on-board  equipment  is  turned  on 
(the  lntracab&n  telemetry  system  is  used  In  this  Instance).  Data  must  be  fed  In 
generalised  form  (and,  at  the  desire  of  the  physician,  in  primary  form)  to  a  specially 
equipped  medical  panel.  These  data  must  be  fixed  simultaneously  in  a  memory  unit 
and  then  transmitted  to  Earth  in  reduced  ("compressed")  form  during  alternate  com- 
urilcatlons  periods. 

Planned,  dispensary,  madical  investigations  of  the  crew  must  be  sufficiently 
detailed  In  order  to  ensure  the  timely  detection  of  even  alight  deviation  In  the 
state  of  health  and  the  obtainmenx  of  sufficiently  coaplete  scientific  Information. 

It  Is  natural  that  these  Investigations  will  be  conducted  by  a  physician  (by  a  spe¬ 
cially  trained  Individual),  whose  duties  will  Include  not  only  monitoring  the  quality 
and  authenticity  of  the  data  obtained,  but  also  interpretation  of  the  data.  A  pre¬ 
determined,  standardised,  and  tested  set  of  procedures  with  a  sufficiently  wide  range 
and  a  specific  program  will  make  it  possible  to  use  reliable  algorithms  for  primary 
on-board  automatic  data  processing.  Special  reference  aids  will  also  be  required  for 
evaluating  the  results  of  Investigations.  If  we  assume  that  these  investigations  can 
be  conducted  once  a  month,  the  storage  of  the  recordings  accumulated  during  an  entire 
flight  becomes  a  complicated  problem.  Therefore  it  Is  necessary  to  preliminarily 
work  out  these  problems  with  physlcisns  and  engineers  in  order  to  determine  the  degree 
of  preliminary  data  processing  for  on-board  storage  as  well  as  for  transmission  to 
Earth. 
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Special  medical  investigations  may  include:  investigations  foreseen  beforehand 
in  case  of  the  appearance  of  definite  shifts  of  individual  organs  and  systems  or 
planned  physiological  measurements  of  research  value;  investigations  necessary  for 
a  more  precise  deteimination  of  the  state  of  the  crew  members  who  have  developed  a 
symrtom  complex  that  is  still  unknown  on  Earth. 

In  the  first  case,  If  a  set  of  sufficiently  large  and  diverse  procedures  in¬ 
volved  with  definite  programs  can  be  used  for  slnultaneoue  machine  processing  of 
results,  the  matter  is  considerably  more  complicated  in  the  second  case.  Here  the 
possibilities  of  employing  research  methods  which  are  not  in  the  planned  programs 
must  be  ensured.  To  do  this,  the  physician  and  the  crew  members  with  appropriate 
t'gineering  training  must  be  oriented  in  the  diagnostic  aspects  of  contemporary 
physiology  and  must  have  various  sensors  and  instruments  for  organising  such  investi¬ 
gations  which  will  be  necessary  in  the  developing  situation.  As  an  exaaqple,  it  is 
sufficient  to  Indicate  the  possible  necessity  of  measuring  spinal  fluid  pressure, 
determining  pH  and  temperature  in  the  stomach,  and  studying  the  albumin  fractions 
in  the  blood. 

Diagnostic  problems  under  the  conditions  of  an  Interplanetary  flight  are  closely 
related  to  problems  of  physiological  measurement.  But  besides  physiological  measure¬ 
ments,  one  should  correctly  collect  the  necessary  information.  Inspect  and  examine 
the  patient,  logically  interpret  all  these  data,  and  make  a  correct  diagnosis.  It 
is  known  that  when  making  a  diagnosis  (and  consequently,  when  selecting  the  treatment) 
the  physician's  experience  is  of  tremendous  Importance.  It  is  doubtful  that  it 
would  be  possible  that  the  physician  of  an  Interplanetary  spacecraft  will  be  able  to 
gain  the  necessary  experience  in  all  fields  of  medicine.  The  requirements  of  uni¬ 
versality  that  are  imposed  on  him  exclude  the  possibility  of  gaining  a  large  amount 
of  medical  experience  in  sufficiently  diverse  areas:  e.g.,  in  dermatology  and  neuro¬ 
pathology.  This  means  that  the  diagnostic  abilities  of  the  physician  must  be  rein¬ 
forced  by  the  contemporary  facilities  of  computer  technology  and  mathematics,  and 
also  by  the  appropriate  reference  aids.  Thus,  the  physiological  measurement  and  in¬ 
formation  system  of  the  spacecraft  may  be  said  to  be  a  "diagnostic"  one.  A  block 
diagram  of  a  diagnostic  system  is  shown  in  Tig.  49.  The  construction  of  diagnostic 
systems  on  a  spacecraft  has  a  specific  character  which  is  related  to  the  following 
factors: 

a)  the  volume  of  the  memory  and  the  high-speed  operation  of  the  on-board  com¬ 
puter  are  limited;  b)  the  most  diverse  data  in  the  moat  diverse  fora  will  be  fed 


Into  the  diagnostic  system  (oscillo¬ 
grams  directly  from  »n  individual, 
numerical  data,  complaints  and  infor¬ 
mation  In  the  form  of  codes,  and  so 
forth)}  c)  the  number  of  probable  di¬ 
agnoses  ie  very  great}  d)  the  possi¬ 
ble  appearance  of  symptom  complexes 
which  are  still  unknown  and  cannot  be 
foreseen  beforehand. 

The  difficulties  of  creating  a 
universal  diagnostic  system  on  an 
Interplanetary  spacecraft  to  a  certain 
extent  may  be  decreased  by  means  of  developing  special  microfilm  references,  and 
also  by  making  It  possible  to  solve  particular  diagnostic  problems  with  the  on-board 
conputer,  using  programs  which  can  be  developed.  If  necessary,  by  mathematicians  on 
the  spacecraft  with  the  participation  of  a  physician.  One  also  should  not  forget 
the  possible  advisory  help  from  Earth}  but  this  Is  already  related  to  the  next  task, 
i.e,,  the  transmission  of  Information  to  Earth. 

It  is  a  well-known  fact  that  the  limited  power  supplies  and  longer  "astronomi¬ 
cal"  distances  In  Interplanetary  flights  do  not  permit  broad-band  and  continued  radio 
communications.  It  Is  assumed  that  the  capacity  of  telemetry  channels  and  the  dura¬ 
tion  of  transmission  will  decrease  hundreds  of  times  and  the  exchange  of  Information 
between  the  spacecraft  crew  and  Earth  will  be  very  limited. 

It  Is  now  difficult  to  perform  the  appropriate  calculations}  however.  It  Is 
absolutely  clear  that  the  transmission  of  not  only  oscillograms,  but  also  numerical 
data  will  be  Impossible.  Coded,  generalized  Information  apparently  will  be  the  basic 
means  of  exchanging  data  with  the  Earth.  Therefore,  we  should  now  begin  work  on  the 
creation  of  "new  coda  language"  for  expressing  all  the  necessary  data  and  concepts 
of  medicine  and  biology  which  may  be  demanded  In  an  Interplanetary  flight. 

just  as  there  exlstB  an  International  radio  code,  where  a  combination  of  three 
letters  expresses  whole  concepts  (SOS  -  request  for  help;  QUA  -  question  concerning 
location),  space  medicine  also  should  possess  a  corresponding  means  of  exchanging 
Information.  We  should  also  bear  in  mind  the  possibility  and  necessity  of  automatic 
code  sending  by  an  on-board  computer  for  transmission  to  Earth  after  every  routine 


Fig.  *»9.  Block  diagram  of  the  "diagnostic" 
system  of  an  interplanetary  spacecraft. 

M  -  individual;  CBK  -  medioal  monitoring 
system}  CUM  -  medical  research  system) 

IIBP  -  physician's  panel;  CIBM  -  on-board 
specialized  digital  computer}  PTC  -  telem¬ 
etry  system;  Sf  -  memory  unit  (dotted 
line  indicates  feedback"  between  physician 
and  patient). 
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or  special  physiological  investigation. 

Thus,  the  diagnostic  measurement  system  of  an  interplanetary  spacecraft  will 
essentially  differ  from  the  systems  known  at  the  present.  The  comparative  charac¬ 
teristics  of  three  types  of  physiological  measuring  systems  (for  short-tarm  space 
flights,  for  extended  space  flights,  and  for  interplanetary  spacecraft)  are  given 
in  Table  15. 


Table  15.  Characteristics  of  Various  TypeB  of  Physiological  Measurement  and  Infor¬ 
mation  Systems 


Short-term  (up  to  5  days) 
flights 


Extended  (up  to  one  month 
flights 


)  Interplanetary 
flights 


All  ’ensors  and  electrodes 
ere  on  astronaut  during 

fllbht 


Astronaut  has  only  a  mini¬ 
mum  number  of  sensors  and 
electrodes  for  medical 
monitoring,  most  of  them 
attached  by  the  astronaut 
himself  for  a  brief  exami¬ 
nation  period 


Sensors  and  electrodes  of 
medical  monitoring  system 
and  all  remaining  sensors 
are  attached  by  spacecraft 
physician 


Astronaut  ie  wired  to  on¬ 
board  equipment 

On-board  medical  equipment 
is  controlled  automatically 
from  Earth  or  from  on-board 
timer. 

Physiological  data  are  re¬ 
corded  only  in  the  period 
of  direct  communications 
between  spacecraft  and 
ground  points 


Intracabin  radio  link  used 
for  medical  monitoring 

In  addition  to  automatic 
and  program  control, 
there  is  manual  control 

Most  physiological  data 
are  recorded  by  memory 
units  in  the  period  of  no 
communications  with  Earth, 
followed  by  automatic 
transmission  of  all  infor¬ 
mation  to  Earth 


Intracabin  radio  link  used 
for  medical  monitoring 

Equipment  Is  controlled 
manually 


Data  recorded  with  the  aid 
of  on-board  equipment  with 
storage  in  processed  form. 
Only  a  small  portion  of 
generalized  data  is  trans¬ 
mitted  to  Earth 


Transmission  of  physiologi¬ 
cal  information  in  the  form 
of  oscillograms 


Transmission  of  physiolog¬ 
ical  Information  only  par¬ 
tially  in  the  form  of 
oscillograms 

Majority  of  data  transmit¬ 
ted  in  digital  form  and  in 
generalized  code  form 


Physiological  information 
transmitted  to  Earth  only 
in  generalized  form 


Biological  Indications  of  Interplanetary  Space 
The  first  "astronauts"  were  animals.  Before  a  man  is  sent  Into  space,  the 
route  of  his  future  flight  is  extensively  investigated  with  the  aid  of  various  bio¬ 
logical  specimens.  The  orbit  in  which  the  "Vostoks"  accomplished  their  triumphal 
flights  was  repeatedly  probed  by  satellite  vehicles  with  animals  on  board.  Similar 
methodology  for  flight  experiments  in  space  has  been  adopted  by  both  the  USSR  and 
the  United  States.  It  is  now  possible  to  definitely  say  that  a  special  trend  has 
appeared  in  astronautics,  i.e.,  biological  indications  of  interplanetary  space;  its 
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mission  Include*: 

1  —  *  study  of  th*  biological  action  of  the  factors  of  space  and  Interplanetary 
flight |  2  —  a  biological  evaluation  of  life-support  systems  of  spacecraft  Intended 
tor  manned  flight j  3  -  the  creation  of  biological  warning  indicators. 

These  three  trends  can  be  reduced  to  the  following:  biological  intelligence, 
biological  monitoring,  and  biological  warning. 

The  physiological  measurement  and  Information  system  of  a  spacecraft  and  an 
Interplanetary  vehicle  Is  on*  means  of  biological  Intelligence  and  biological  moni¬ 
toring.  The  application  of  th*  same  physiological  methods  and  the  same  equipment 
for  investigating  animals  and  humans  is  expedient  both  economically  and  methodologi¬ 
cally.  This  ensures  the  coag>arabillty  of  th*  data  obtained  In  the  first  flights  of 
animals  with  th*  data  from  SMdlcal  monitoring  and  medical  research  In  manned  flights. 
Therefore,  the  development  of  physiological  measurement  and  Information  systems 
should  anticipate  th  possibility  of  their  application  for  investigations  with  ani¬ 
mals.  Thus,  the  physiological  measurement  system  of  the  "Vostok"  spacecraft  was 
first  tested  with  the  dogs  Chemushka  and  Zvetdochka. 

Brief  Investigations  with  animals  can  be  conducted  with  the  aid  of  implanted 
sensors  and  electrodes  which  are  wired  to  the  on-board  equipment.  However,  a  flight 
experiment  lasting  up  to  a  ”',->nth  and  more  requires  contactless  methods  of  collecting 
'  formation.  Imp  a.—. led  t  -  "uusmltter-sensors  or  integral  systems  and  other  methods  of 
'ntactless  physiological  research  have  been  developed  for  this  purpose. 

Miniature  Instruments  have  been  devised  for  installation  on  animals  [^7?]:  e.g,, 
a  20-gram  transmitter  with  i-meter  range  of  operation  for  installation  on  the  back 
of  a  rat  [795].  It  was  possible  to  measure  the  body  temperature  of  a  dolphin  swimming 
In  a  basin  [807].  Miniature  transmitters  wire  built  into  eggs  which  were  placed 
under  penguins.  This  made  It  possible  to  study  incubation  temperature  [4i6], 

Contactless  methods  include  methods  of  Investigating  the  motor  activity  of  mice 
by  means  of  recording  the  oscillations  of  a  cage  mounted  on  springe  with  automatic 
counting  of  the  number  of  pulses  produced  by  a  plesoelectrlc  aensor  [786].  An  elec¬ 
tromagnetic  method  Is  prepared  for  recording  the  respiration  of  mice.  In  this  method, 
a  4  x  4  x  20  mm  magnet  is  placed  under  the  animals »  akin  and  Inductance  coils  in 
which  there  has  appeared  an  emf  proportional  to  respiratory  and  motor  activity  are 
placed  In  a  chamber  [415].  A  barometric  method  la  used  for  contactless  recording  of 
respiration,  i.e.,  recording  Insignificant  pressure  drops  In  a  hermetic  chamber 
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caused  by  respiration  [319].  Methods  for  contactless  recording  of  electroreyograms 
have  been  developed  [317]. 

The  most  promising  are  the  sensors  and  systems  which  are  implanted  in  the  ani¬ 
mal's  body  and  transmit  information  through  undamaged  skin  under  conditions  of  free 
behavior.  Diverse  variations  of  subcutaneous  transmitters  are  described  in  many 
works  [318,  419,  349»  467,  728].  The  most  Berloua  achievement*  were  made  by 
Ettlesson's  group  [352,  420,  421,  422].  A  three-channel  FM-FM  ayatea  was  developed. 
The  parameters  were  selected  in  such  a  way  as  to  check  the  feasibility  of  obtaining 
oscillograms  from  within  an  organism  in  different  frequency  ranges:  low-frequency  - 
respiration,  medium-frequency  -  electrocardiogram,  and  high-frequency  —  phonocardio- 
One  nickel-cadmium  cell  was  used  for  the  power  supply.  It  wae  recharged  by 
nn  electromagnetic  field.  The  time  of  continuous  operation  without  recharging  was 
12  hours.  The  frequency  of  the  transmitter  was  45  Me  and  the  output  power  was  2 
milliwatts.  At  present  this  group  of  authors  is  developing  systems  for  implantation 
with  the  application  of  elements  of  molecular  electronics.  They  propose  to  record 
cardiac  output,  oxygen  saturation  of  the  blood,  and  so  forth.  There  are  reports 
concerning  attempts  to  launch  monkeys  with  three-channel  systems  implanted  in  the 
kidney  region  on  "Atlas"  rockets.  There  are  indications  that,  in  spite  of  the  un¬ 
successful  launchings,  satisfactory  telemetry  curves  were  obtained  [393]. 

A  serious  problem  is  that  of  supplying  power  to  implanted  devices.  Inductive 
power  supplies  are  economically  unprofitable  and  complicate  the  on-board  equipment. 
Experiments  on  the  use  of  the  galvanic  (polarization)  potential  difference  that 
appears  between  two  electrodes  made  from  different  metals  and  placed  at  different 
points  of  the  body  are  promising.  The  best  results  were  obtained  with  the  aid  of 
stainless  steel  and  platinum  placed  subcutaneously  and  In  the  abdominal  cavity, 
respectively.  On  a  load  of  500  ohms  it  was  possible  to  obtain  a  power  of  115  micro¬ 
watts  with  a  voltage  of  0.23  volts.  This  turned  out  to  be  sufficient  for  supplying 
power  to  a  500-kc  generator  [672,  673]. 

Thus,  in  the  methodological  respect,  the  use  of  animals  as  biological  indicators 
In  an  extended  apace  flight  is  fully  substantiated  both  theoretically  and  practically. 

There  are  two  stages  of  biological  Intelligence.  First  of  all,  the  problem  of 
survival  is  solved  during  the  study  of  a  new  apace  route.  This  is  the  first  stage 
of  biological  intelligence  in  outer  space.  In  connection  with  the  "Vostok"  flights, 
this  stags  was  the  flight  experiment  with  Lalka,  whereas  the  flights  of  the  dogs 


-161- 


Belfca,  Strelke,  end  others  were  th#  second  stage  of  biological  intelligence,  the 
mission  of  wMch  conaieted  in  detailed  inveatlgatlona  of  th*  biological  action  of 
the  factor*  of  space  flight  on  a  living  organism.  The  second  and  third  Soviet  orbital 
•parse raft  were  veritable  "flying"  scientific  laboratories .  However,  even  In  flights 
where  chiefly  problasts  of  survival  are  studied,  a  large  amount  of  scientific  material 
of  a  research  nature  it  collected.  We  have  already  determined  a  tentative  list  of 
subjects  for  biological  intelligence  In  outer  ipaea.  Dogs  are  tha  first  on  the  list. 
They  are  tha  claasleal  subjects  of  Russian  a*>l  Soviet  physiology.  Their  circulatory 
and  respiratory  systewc  &.e  very  a. Cellar  to  analogous  human  systems.  Mica  art  suit¬ 
able  subjects  in  tha  stet; theological  respect  for  studying  metabolism  [351,  644], 

Soviet  spaee  research  has  galnad  much  experience  in  studies  of  mice  and  special  con¬ 
tainers  for  the  extended  flight  of  mice  on  a  spacecraft  have  bean  developed  [42]. 
Investigations  of  the  biological  action  of  cosmic  rays  are  being  conducted  on  plants, 
microbes,  files,  and  rodents.  American  researchers  have  used  primates  for  the  pur¬ 
pose  of  biological  intelligence.  Prance  has  conducted  a  flight  experiment  with  a 
cat. 

PrlsM  attention  In  biological  Intelligence  la  given  to  obtaining  a  sufficient 
volume  of  information  necessary  for  establishing  the  degree  of  biological  action  of 
a  particular  factor  or  a  g:-oup  of  factors.  Biological  monitoring  ie  conducted  to 
eck  out  llfe-eupport  and  recovery  systems.  An  example  of  biological  monitoring 
is  the  flight  of  the  doge  Chemushka  and  Zvesdochka. 

Biological  signalling  refers  to  measurements  with  the  obligatory  application  of 
automatic  data  processing  systems.  The  signal  which  a  measurement  system  generates 
can  Indicate  the  normal  or  pathological  state  of  a  biological  specimen  in  connection 
with  the  action  of  some  extreme  factor.  One  of  th*  first  signal  indicators  was  the 
biocell,  1  •  Si  1  wi  ins t russnt  for  automatically  recording  the  vital  activity  of  mi¬ 
crobes  which  was  tested  during  th*  flights  of  the  second  and  third  Soviet  orbital 
spacecraft  [18,  299].  The  biocell  was  desl&ied  to  transit  Information  on  the  amount 
of  pressure  In  an  airtight  capsule  containing  microbes  of  butyric  acid  fermentation 
and  a  nutritive  solution.  Normal  gas  formation  In  the  process  of  the  vital  activity 
of  the  microbes  ensured  a  corresponding  growth  of  pressure  in  the  capsules.  A  com¬ 
parison  of  the  amount  of  pressure  measured  in  flight  with  the  standard  value  makes 
it  possible  to  detect  changes  In  the  vital  activity  of  microorganisms. 

Biological  signalling  on  manned  Interplanetary  craft  will  be  of  particular 


Importance.  Miners,  when  going  underground,  take  along  a  canary,  which  la  very 
sensitive  to  an  Increase  In  the  concentration  of  mine  gaa  and  Intensive  motor  aetlv- 
lty  warns  of  danger.  An  astronaut  in  flight  also  nhould  have  similar  biological 
signal  Indicators  which  would  warn  him  of  various  dangers.  The  variety  of  extreme 
factors  of  interplanetary  apace  dictates  the  necessity  of  ualni  various  living  or¬ 
ganisms,  some  of  which  would  warn  of  some  dangers  and  others  would  warn  of  other 
dangers.  At  present,  methods  have  been  developed  for  telemetric  transmission  of 
Information  from  the  most  diverse  biological  speclmans:  doga  [349],  mice  [795]* 
monkeys  [352],  and  birds  [689].  There  are  experimental  data  on  the  fact  that  the 
pulse  rate  of  mice  la  directly  proportional  to  the  ma&iitud*  of  O-loading,  and  con¬ 
sequently,  can  indicate  limiting  reactions  to  acceleration  [707].  With  the  aid  of 
i.emometer  pickups  Implanted  in  the  heart,  It  is  possible  to  detect  changes  in  the 
contracting  ability  of  the  myocardium  aa  a  result  of  the  action  of  0-loads,  weight¬ 
lessness,  and  other  factors  [316,  596].  A  signal  indicator  of  high  pressure  inside 
the  stomach  of  animals  has  been  described,  which  can  be  used  for  Indicating  certain 
influences  Involved  with  the  appearance  of  meteorlsm  [656],  Finally,  we  may  mention 
the  high  sensitivity  of  certain  microbes  to  ionizing  radiation,  which  also  Is  of 
Interest  for  biological  Indication  in  space  [269].  Thus,  the  development  of  methods 
for  various  biological  (Including  physiological)  measurements  on  animals,  microbes, 
plants,  and  Insects  plays  an  important  role  in  the  solution  of  problems  of  the  bio¬ 
logical  Indication  of  apace  routes.  However,  the  effective  application  of  various 
hlolndlcators  la  possible  only  on  the  basis  of  a  clear  idea  of  the  spectrum  and 
limits  of  the  effects  which  must  be  detected. 

A  bloalgnalllng  system  on  board  an  Interplanetary  craft  has  an  Independent  value, 
but  is  connected  with  a  single  diagnostic  systam.  It  uses  the  on-board  computer  and 
has  outputs  on  the  physician's  panel.  It  Is  Important  to  note  the  circumstance  that 
the  Introduction  of  biosignal  indicators  will  free  the  astronaut  from  a  number  of 
additional  investigations,  inasmuch  as  the  biological  specimens  on  the  craft  will 
reliably  warn  of  possible  dangerous  effects. 

The  problem*  of  biological  Indication  play  an  Important  role  in  planning  the 
further  steps  for  the  conquest  of  space.  The  principle  of  preliminary  investigation 
of  various  routes  and  space  systems  with  the  aid  of  anlmala  and  other  biosubjects 
remains  as  a  firm  law  of  astronautics  [18,  38,  74,  85,  238].  Animal  fllghtB  also 
will  precede  manned  flights  In  the  future.  The  United  States  Is  planning  49 
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biological  experiments  In  specs  In  the  near  future,  including  several  JO -day  flights. 
Investigations  will  ba  oonductad  with  monkeys  and  othar  animals,  and  alao  with  plants 
(797].  They  propose  to  act  up  a  nuabsr  of  apaclallsad  axparluanta  to  clsar  up  tha 
genes ie  or  certain  physiologic  phenomena  In  weightlessness.  For  instance,  a  special 
japaule  for  Investigating  blood  eiroulatlon  baa  bean  developed  [39“ ],  Special  experi¬ 
ments  are  proposed  for  studying  tha  influence  of  radiation  on  the  brain  [8i6]  and 
behavioral  reaponaea  [395]. 


Biological  Control 

The  astronaut  Is  not  only  one  of  the  objects  of  a  physiological  measurement  and 
Information  system,  but  la  alao  Included  in  the  complicated  system  of  spacecraft 
control.  The  complication  of  apace  flight  programs  will  demand  more  active  partici¬ 
pation  from  the  astronaut  in  the  control  process.  At  large  distances  from  Earth, 
under  conditions  where  there  can  appear  unforeseen  circumstances,  man  should  be  able 
to  make  decisions  and  carry  them  out.  Therefore,  the  requirements  imposed  on  man 
as  the  operator  of  the  control  system  must  be  coordinated  with  the  characteristics 
of  this  system,  and  conversely,  the  control  system  should  be  designed  in  such  a  way 
as  to  ensure  the  possibility  of  control  by  the  man.  The  problem  of  "man-machine" 
haB  lately  been  given  greater  attention  on  the  part  of  space  biology  specialists  [107, 

13*]. 

One  of  the  functions  of  a  physiological  measurement  and  Information  system  con¬ 
sists  In  monitoring  astronaut  efficiency,  i.e,,  determining  his  ability  to  carry  out 
*he  control  process.  Depending  upon  the  data  obtained  during  alternate  communications 
periods  from  Earth,  a  "go"  or  "no  go"  can  be  given  to  switch  from  automatic  to  manual 
control.  Blocking  of  "manual"  control,  depending  upon  the  state  of  the  astronaut, 
can  be  performed  automatically  after  processing  the  physiological  information  with 
the  on-board  computer,  Thla  le  the  simplest  variation  of  the  use  of  physiological 
information  for  control  (biological  control). 

Blologclal  control  Is  a  new  captivating  field,  a  branch  of  cybernetics.  In 
biological  control  systems.  Information  taken  from  e  living  organism  controls  the 
operation  of  technical  systems:  e.g.,  an  automatic  syringe  can  be  actuated  [183]. 

The  United  States  has  published  data  on  a  bioelectric  control  system  that  functions 
under  the  action  of  O-loads,  l.e.,  under  conditions  when  an  astronaut  cannot  physi¬ 
cally  control  the  spacecraft  [633,  7“5,  770].  There  are  proposals  concerning  the 
use  of  biological  information  for  purposes  of  automatic  regulation  in  a  closed 


-164- 


ecologic  system  [Mb,  121,  271]  and  for  controlling  emergency- rescue  or  ilre-aupport 
systems  [12,  75?].  Actually,  the  issuing  of  recommendations  to  the  crew  which  In 
carried  out  by  an  automatic  on-hoard  computer  Is  also  an  example  of  blocontrol.  Here 
the  recommendations  obtained  on  the  hauls  of  processing  physiological  Information 
control  the  actions  of  the  crew  [753]. 

One  of  the  first  biological  control  syatems  Is  the  "artificial  hand"  (control  of 
muscle  biopotentials)  which  was  created  by  V.  3.  Qurflnkel',  A.  Ye.  Kobrlnskly,  and 
their  associates  [99#  1^2]  and  was  successfully  demonstrated  at  the  Brussels  World 
Fair  in  1958.  Biological  control  can  be  carried  out  with  the  uee  of  the  moat  diverse 
Information.  Thu*,  we  know  of  projects  where  artificial  respiration  control  wan 
cn  Tied  out  by  biopotentials  of  the  phrenic  nerve  or  respiratory  mueclaa  [210,  6?8] 
ac.J  X-ray  machine  control  with  the  aid  of  cardiac  biopotentials  [100,  17?].  Attempts 
have  been  made  to  manufacture  anesthesia  devices  controlled  by  brain  biopotentials 
[330,  338].  Brain  biopotentials  have  been  used  to  actuate  a  relay  [ito8].  Not  only 
bioelectric  processes  are  used  for  blocontrol,  but  also  other  biological  phenomena. 
Thus,  for  Instance,  a  signal  on  the  given  pressure  level  Is  used  for  automatically 
regulating  the  height  of  arterial  pressure.  When  the  pressure  drops  below  the  given 
level,  a  specific  dose  of  noradrenaline  Is  automatically  Introduced  Into  a  vein  [822], 
The  mechanical  properties  of  muscle  have  also  been  used  for  blocontrol  [61..].  All 
this  makes  the  idea  of  using  the  principles  of  biological  control  very  tempting  when 
designing  Automatic  spacecraft  systems.  Indeed,  only  an  automatic  apace  system  that 
considers  the  state  of  living  organisms  on  board  a  spacecraft  can  ensure  the  most 
optimum  regime  of  flight  and  maximum  crew  safety.  We  can  Isolate  at  least  three 
groups  of  problems  which  can  be  solved  by  means  of  automatic  systems  with  the  intro¬ 
duction  of  biological  information:  a)  voluntary  control,  with  the  aid  of  muscle 
biopotentials,  of  spacecraft  syatems  which  must  be  turned  on,  turned  off,  or  con¬ 
tinuously  regulated  In  the  period  of  action  of  extreme  factors  which  make  manual 
control  physically  impossible]  b)  Involuntary  control,  with  the  aid  of  various  bio¬ 
logical  indices,  of  automatic  spacecraft  systems  by  ensuring  optimum  living  and  work¬ 
ing  conditions  for  the  crew:  e.g.,  an  air  conditioning  system;  c)  voluntary  and  In¬ 
voluntary  control  of  emergency-rescue  systems  during  the  action  of  vitally  dangerous 
factors. 

A  biological  control  system,  or  the  biolvCical  part  of  a  complex  system  of 
automatic  control,  can  be  illustrated  in  the  form  of  a  number  of  series-cornected 
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^hleclUt  a)  *  block  f or  the  collection  and  amplification  of  primary  biological  ln- 
’  formation}  b)  a  block  for  processing  primary  information  and  shaping  signals  which 
are  utilized  for  carrying  out  the  control  algorithm}  c)  a  computational  block  which 
generates  commands  on  the  basis  of  a  specific  algorithm;  d)  an  electric  drive  which 
transmits  control  commands  to  servomechanisms t  relays,  electric  motors,  and  so  forth. 

The  use  of  biological  information  for  controlling  technical  systems  should  not 
decrease,  and  ocnvercely,  increase  the  operational  reliability  of  these  systems. 
Therefore,  all  biological  control  blocks,  and  especially  the  block  for  collection 
and  amplification  of  primary  information,  must  be  given  very  stringent  requirements. 
On.’y  Information  whose  obtalnment  under  conditions  of  space  flight  can  be  firmly 
guaranteed  should  be  used  for  control.  For  screening  out  interferences  or  signals 
of  no  value  in  the  control  process,  the  Information  obtained  from  a  living  organism 
will  be  subjected  to  thorough  automatic  analysis  according  to  special  nigorithma 
which  monitor  the  authenticity  of  the  data  introduced.  Separate  indices  which  occupy 
a  definite  place  in  the  control  algorithm  must  be  isolated  from  the  flow  of  infor¬ 
mation  in  order  to  shape  control  signals.  Thus,  for  instance,  various  indices  of 
Independent  value  in  various  algorithms  can  be  isolated  from  an  electrocardiogram, 
such  as  the  length  of  the  RR  interval  and  the  index  of  pulse  arrhythmia  (ARR  max); 
the  integral  index  of  delta -rhythm  and  so  forth  can  be  isolated  from  an  electro- 
ocephalogram.  As  an  example.  Fig.  50  illustrates  the  block  diagram  of  a  biocontrol 
stem  for  emergency  rescue  on  the  basis  of  the  use  of  voluntary  (electromyogram) 

-*nd  involuntary  (pneumogram)  commands.  The  same  figure  schematically  depicts  the 
control  algorithm?. 

Today  we  can  already  come  up  with  a  certain  idea  of  the  list  of  biological  in¬ 
dices  which  could  be  used  in  biological  control  systems  at  the  present  level  of 
development  of  medical  electronics.  These  include  biocurrents  of  the  muscles,  brain, 
and  heart,  indices  of  the  mechanical  work  of  the  heart,  external  respiration,  heat 
control,  the  functional  state  of  the  central  nervous  system,  end,  in  particular,  the 
vestibular  apparatus.  It  is  also  clear  that  the  methods  of  introducing  biological 
Information  into  a  control  system  must  be  diverse,  depending  upon  the  conditions  of 
flight  and  the  possibilities  of  the  procedures  and  techniques.  It  is  possible  to 
imagine  three  versions  of  information  input;  e)  input  from  a  limited  number  of  sen¬ 
sors  and  electrodes  on  the  body  of  an  astronaut  for  medical  monitoring;  b)  input 
from  sensors  and  electrodes  that  are  specially  attached  only  for  the  time  of 
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Flr>  50.  Block  diagram  and  operational  algorithms 
of  voluntary  (A)  and  Involuntary  (B)  biocontrol 
systems.  9MT  -  electrodes  for  electromyogram  re¬ 
cording;  y  —  amplifier;  MH  —  integrator;  w—  shaper; 
3n  —  electric  drive;  M  -  servomechanism;  nr  —  sen¬ 
sor  for  pneumogram  recording;  —  circuit  for  mea¬ 
suring  the  length  (tg)  of  the  respiratory  cycle; 

UB  -  reference  voltage;  C  -  comparison  circuit; 

tggM  -  given  length  of  respiratory  cycle. 


realisation  of  the  control 
process;  c)  Input  from  sen¬ 
sors  and  electrodes  that  are 
attached  for  a  short  time  for 
detailed  examination  of  an 
astronaut*  It  ie  then  nec- 
essary  to  memorise  certain 
Indices  Which  characterise  the 
state  of  the  crew  for  the  time 
prior  to  the  next  examination 
period. 

Such  an  examination  can 
be  planned  or  a  special  one 
conducted  by  a  command  from  an 
automatic  system  which  requires 
additional  information  for  se¬ 
lecting  the  most  optimum  pro¬ 


gram  of  Its  work; 

d)  Input  from  sensors  and  electrodes  on  animals,  which  perform  the  role  of 
bioindicators  (signal  indicators). 

The  most  complicated  question  in  problems  of  the  application  of  the  principles 
of  biological  control  to  automatic  space  systems  are  the  operational  algorithms  for 
the  computational  block  that  generates  commands  for  technical  devices.  The  algorithms 
must  consider  specific  combinations  of  technical,  physical,  and  biological  indices 
and  possess  the  necessary  reliability  in  the  sense  of  unity  of  final  decisions  in 
the  event  of  the  appearance  of  unexpected  situations.  The  principles  of  duplicating 
the  input  signals  and  multiple  monitoring  should  he  used.  Various  combinations  of 
biological  and  physical  factors  must  be  studied  and  their  interrelationships  must  be 
expressed  in  mathematical  form.  There  is  still  a  lot  of  scientific  research  to  be 
dene  on  algorithms  of  biological  control  under  conditions  of  space  flight.  Now  it 
Is  even  difficult  to  Imagine  the  general  trends  of  such  work.  However,  the  expediency 
and  necessity  of  introducing  the  principles  of  biological  control  in  astronautics  is 
indubitable.  Therefore,  all  the  facts  obtained  by  space  medicine  and  biology  must 
be  analyzed  from  the  point  of  view  of  the  possibilities  of  algorithnd.zatlon  of  the 


control  process  in  space  flight  on  the  basis  of  a  thorough  calculation  of  the 
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biological  and  technical  factors. 

Biological  control  in  astronautics  is  not  a  fantasy,  but  a  necessity.  The 
lneraasa  of  the  duration  and  range  of  space  flights  and  the  beginning  of  the  age  of 
oonquaat  of  other  celeatlal  bodies  will  require  the  maximum  use  of  human  and  techni¬ 
cal  capabilities  in  all  stages  of  flight,  the  use  of  biological  information  for 
optimisation  of  automatic  apace  aystema  opana  up  new  possibilities  towards  the  con¬ 
quest  of  apace.  Thus,  for  instance,  of  Importance  to  ultra- long- range  flights  is 
the  problem  of  artificial  hlbamatlon  [247,  385,  524],  The  solution  of  this  problem 
Involves  research  In  the  field  of  blocontrol.  The  possibility  is  not  excluded  that 
certain  sections  of  automatic  systems  will  usa  various  types  of  animals  that  are  best 
adapted  for  the  perception  of  certain  effects  and  can  best  provide  the  information 
necessary  for  control.  Effects  can  be  perceived  by  anlmala  both  directly  and  also 
in  the  form  of  electrical  stimuli.  Teleatimulatlon  of  animals  with  the  aid  of  elec¬ 
trodes  Implanted  in  the  brain  la  prasently  the  subject  of  serlouB  investigations 
[340,  399,  659,  76o]j  the  possibility  of  controlling  the  work  of  the  muscles,  heart, 
urinary  bladder,  and  other  systems  is  being  studied  [335].  However,  man  undoubtedly 
has  the  leading  role  in  spacecraft  control,  and  the  information  on  the  state  of  the 
crew  should  be  the  main  criterion  which  determine  the  program  and  regime  of  flight. 
Research  in  the  field  of  application  of  the  principles  of  biological  control  in  astro 
duties  will  make  it  possible  to  ensure  maximum  spacecraft  reliability  and  maximum 
;  ace  flight  safety. 


-168- 


CHAPTER  7 
CARDIOVASCULAR  RESEARCH  METHODS 

The  cardiovascular  system  supplies  organs  and  tissues  with  oxygen  and  nutrients 
and  removes  metabolic  products  from  them.  Because  of  the  perfect  regulation  of 
all  functional  components  of  this  system,  a  wide  range  of  adaptive  responses  to 
the  varying  conditions  of  the  medium  Is  accomplished.  Space  flight  Imposes  high 
requirements  on  the  circulatory  apparatus.  The  Isolated  and  coetplex  action  of 
G-loads,  weightlessness,  emotional  tension,  and  other  factors  causes  various  com¬ 
pensator  shifts  on  the  part  of  the  cardiovascular  system  and  the  organism  on  the 
whole.  The  necessity  of  research  on  the  effect  of  the  factors  of  space  flight  on 
the  heart  and  vessels  stipulated  the  application  of  methods  for  pules  and  electro¬ 
cardiogram  recording  In  all  flight  experiments  with  no  exceptions  both  with  rockets 
and  also  with  artificial  earth  satellites  and  spacecraft.  A  large  program  of 
cardiological  research  was  carried  out  during  the  flights  of  the  second  and  third 
Soviet  orbital  spacecraft.  At  present,  the  number  of  Investigations  being  conducted 
on  the  circulatory  system  under  conditions  of  space  flight  considerably  exceeds 
the  number  of  Investigations  on  the  other  systems  of  the  organism.  Correspondingly, 

t 

vhe  procedures  and  methods  In  this  area  have  been  developed  considerably  to  a  fuller 
extent.  As  a  result  of  the  accumulation  of  experimental  and  theoretical  data.  It 
Is  possible  with  rightfully  speak  of  the  formation  of  a  specific  branch  of  apace 
physiology,  i.e.,  space  cardiology. 

The  basic  tasks  of  space  cardiology  consist  in  developing  research  methods, 
studying  the  mechanisms  of  the  compensative-adaptive  responses  of  the  circulatory 
system,  Investigations  of  cardiovascular  disorders  that  are  possible  in  flight, 
it nd  the  means  tor  their  treatment.  The  methods  of  space  cardiology.  Just  as  those 
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•f  •  PM*  physiology  on  th*  whole,  trt  basically  mil-known  clinical  and  laboratory 
^procedures  which  ham  baen  modified  ror  the  condition*  of  *pac*  flight,  and  only 
ill  certain  ca**a  hav*  new  Mthoda  and  procedure*  been  epee  tally  developed.  There¬ 
fore,  general  information  on  the  essence  of  the  mthoda,  the  hiatory  of  their 
tevelopmnt,  and  their  functional  capability*  la  very  brief.  At  the  asm  time, 
the  appropriate  field*  ha*  reported  on  certain  reeulta  of  the  application  of  the 
deacrlbed  mthoda  and  procedure**  in  apace  flight*. 

finally,  in  concluaion,  a  review  of  aom  new  mthoda  la  given  in  reference  to 
cardiological  reaearch  in  apace. 

The  selection  of  cardiological  mthoda  for  resaarch  in  apace  flight  was 
dictated  by  conalderationa  that  are  well-known  in  clinical  medicine  and  physiology. 
Inaaauch  aa  the  compensative-adaptive  response*  of  the  cardiovascular  system  are 
accomplished  in  two  ways  (by  changing  the  minute  volume  and  changing  the  redistri¬ 
bution  of  the  blood) ,  mthoda  which  characterise  the  function  of  the  myocardium 
aa  well  ae  peripheral  circulation  auat  be  used. 

In  addition,  also  of  great  importance  is  the  study  of  the  neural  and  the 
neuro -endocrine  mechanisms  for  regulating  blood  circulation;  however,  this  question 
is  considered  in  detail  in  subsequent  chapters. 

from  the  Methods  of  investigating  the  functional  state  of  the  myocardium,  to 
the  most  developed  la  considered  to  be  electrocardiography.  However,  in  virtue 
'  the  specific  character  of  space  flight,  practically  all  questions  of  electro¬ 
cardiographic  procedure  had  to  be  reconsidered,  including  the  selection  of  leads, 
the  fixation  of  electrodes,  bands  of  recorded  frequencies,  and  methods  of  analysis. 
Even  more  difficult  was  the  application  of  such  methods  as  ballistocardiography, 
klnetocardiography,  and  phonocardiography  in  space  research. 

Difficulties  also  arose  in  the  development  of  methods  for  investigating 
peripheral  blood  circulation.  The  application  of  sphygmography,  plethysmography, 
and  arterial  osclllography  in  space  flight  required  radical  modification  of  these 
methods  and  essentially  the  creation  of  new  methods  and  procedures  specially 
adapted  for  spacecraft  conditions. 

In  examining  the  questions  of  the  application  of  physiological  research  methods 
in  space  flight,  one  should  consider  the  various  aspects.  First  of  all,  physio¬ 
logical  methods  are  necessary  for  the  solution  of  medicil  monitoring  problems. 
Monitoring  the  state  of  an  astronaut's  cardiovascular  system  includes  a  number  of 
absolutely  obligatory  measures  that  are  undertaken  to  ensure  flight  safety.  The 
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pulse  rate  ("signal"  transmitter)  was  not  randomly  selected  as  the  physiological 
parameter  whose  transmission  on  the  "Vostoks"  was  conducted  continuously  during 
the  entire  time  of  flight.  The  basic  requirements  of  a  method  from  the  point  of 
view  of  the  problems  of  medical  monitoring  are  high  reliability  and  diagnostic 
effectiveness.  It  is  absolutely  necessary  to  devise  methods  for  operational 
evaluation  of  the  parameters  of  medical  monitoring  when  narrow-bend  channels  are 
used  for  their  transmission.  Therefore,  special  consideration  is  given  to  methods 
for  recording,  transmitting,  and  analysing  pulse  rate. 

The  solution  of  research  and  diagnostic  problesw  requires  the  use  of  a  wide 
range  of  methods  and  procedures  which  cover  the  various  aspects  of  activity  of 
&  functional  system. 

Space  cardiology  already  now  possesses  a  sufficiently  large  set  of  methods  and 
procedures  which  have  been  tested  under  space  flight  conditions.  A  significant 
number  of  new  methods  has  been  developed  on  the  basis  of  evaluating  the  results  of 
flight  experiments  for  application  in  the  future.  Many  cardiological  methods 
that  are  applied  in  clinical  medicine  and  experimental  physiology  have  a  potential 
value  for  astronautics  [527J .  Finally,  it  is  important  to  note  the  clinical  aspects 
of  space  cardiology:  the  diagnostic  check  of  new  methods  in  a  clinic  and  the  use 
of  the  data  obtained  for  improving  the  interpretation  of  the  results  of  flight 
experiments. 

Electrocardiography 
Electrocardiogram  Recording  in  Humans 

Electrocardiography  is  one  of  the  most  wide-spread  methods  for  studying  the 
heart.  An  electrocardiogram  makes  it  possible  to  directly  evaluate  three  functions 
of  the  cardiac  muscle;  automatism,  excitability,  and  conduction  [260].  As  it 
is  known,  electrocardiograms  are  recorded  in  humans  by  using  electrodes  that  are 
attached  at  various  points  on  the  surface  of  the  body.  Questions  of  the  selection 
of  leads,  the  attachment  of  electrodes,  and  ensuring  a  minimum  transition  resistance 
on  the  elect rode -skin  section  are  among  those  basic  methodological  problems  on  the 
solution  of  which  depends  both  the  quality  of  the  recordings  obtained  as  well  as 
their  information  content.  Electrocardiogram  recording  under  the  conditions  of 
space  flight  required  the  development  of  an  essentially  new  method.  It  was 
necessary  to  obtain  recordings  of  the  same,  quality  as  in  the  laboratory,  whereupon 
the  prolonged  attachment  of  electrodes  to  an  astronaut's  body  should  not  cause 
dLscomfort,  interfere  with  his  activity,  irritate  his  skin,  cause  sores,  or  result 
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In  any  pal n. 

Tt»  problems  of  recording  electrocardiograms  in  epees  flight  to  a  certain  axtant 
•rt  similar  to  analagoua  probiro  in  aporta  medicine  and  tha  physiology  of  work. 
Therefore,  tha  first  investigations  wars  devoted  to  tha  study  of  appropriate 
e Isctroaamdlngraphlc  loads  and  oathoda  for  mltamhlng  aloatrodaa.  Leads  recommended 
by  L.  A.  Butchenfco  vara  taatad  [96].  including  [MtBU]  (HW)  laada,  [HI]  (Hi)  and 
[MS]  (R8)  laada.  loads  proposed  by  tha  Sverdlovsk  Biota laatry  oroup  [75].  •*»<* 
laada  daaoribad  by  Anar lean  authors  [*37,  *%7»  *00,  613].  It  is  natural  that  the 
salaotlon  of  points  for  attaching  tha  elec trades  was  liaitad  to  tha  cheat,  where 
the  level  of  muscular  Interferences  and  tha  degree  of  electrode  displacement 
curing  movement  la  considerably  lower  than  an  the  extremities. 

In  addition,  the  recordings  obtained  from  tha  chest  possess  a  high  diagnostic 
effectiveness.  Thus,  for  instance,  Jacono  and  Lulsada  propose  to  simplify  electro¬ 
cardiography  technique  by  introducing  a  total  of  3  chest  leads  instead  of  the  12 
standard  ones  (1,  2,  3  single-pole  leads  from  the  extremities  and  6  chest  leads) 
[5*2]. 

As  a  result  of  experimental  investigations,  two  bl-polar  chest  leads  which 
were  called  NX  and  DS  (2).  The  advantages  of  these  leads  consist  in  the  following, 
high  noise-resistance  (minimum  level  of  muscle  biopotentials);  convenience  of 
attaching  electrodes;  high  diagnostic  effectiveness. 

The  electrodes  In  the  NX  lead  are  arranged  on  the  center  of  the  sternum  on 
the  level  of  the  manubrium  and  the  ensisternum;  the  electrodes  in  the  DS  lead  are 
placed  along  the  mldaxlllary  line  on  the  right  and  on  the  level  of  the  fifth 
Intercostal  space  on  the  left  (fig.  51).  Thus,  the  NX  lead  belongs  to  the  sternal 
group,  and  the  08  lead  belongs  to  tha  axillary  group  of  leads  described  by  Roman 
[6791. 

Special  work  has  bean  conducted  on  finding  methods  for  attaching  electrodes. 

An  adhesive  system  wae  tried  first,  using  glue  [BP-6]  (B# -6) ,  cleol  [mastlsol], 
glue  No.  88,  and  collodion.  Electrodes  were  tested  in  the  form  of  thin  sillver 
plates,  silver  foil,  spiral  wire,  and  a  mixture  of  silver  powder  and  collodion 
(Trate  et  al.).  The  most  suitable  method  was  that  of  using  glue  No.  88  or  BP-6. 

A  similar  method  of  attachment  wae  used  in  Yu.  A.  Sagarin's  flight.  The  electrodes 
were  attached  Q.  8.  Titov's  In  flight  by  adhesion  (in  the  NX  lead)  and  with  the 
aid  of  a  harness  (in  the  D8  lead)  [N.  A.  Agadshanyan,  I.  0.  Akulinichev,  et  al.]. 

A  complete  transition  to  tha  harness  brace  was  subsequently  made.  This  system 
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includes  the  above-described  chest  harness  with 
built-in  electrodes  on  orlon  linings  and  two  straps 
which  cross  on  the  astronaut's  chest  and  are 
fastened  on  his  back.  Rubber  pleoes  Mounted  in  the 
harness  create  conditions  for  tight  adhesion  of  the 
electrodes  to  the  skin. 

The  inters loot rode  resistance  is  held  constant 


by  using  contact  paste.  Beet  results  are  obtained 

Fig.  51.  Harness  for  with  VNIXMZIO,  [All-union  Scientific  Research 

attaching  sensors  and 

electrodes.  #AA  -  carbon-  Institute  of  Medical  Instruments  end  Iqulpnent) 
type  respiratory  sensor; 

KAu  -  contact  respiratory  pasts  No.  2  [69]. 
sens  .r;  CKT  -  selsmocardlo- 

graphlc  sensor;  elsotro-  The  value  of  the  Inters leotrode  resistance  in 

cardiographlc  electrodes t 

H  -  neutral  electrodes )  P  -  electrocardiographic  investigations  has  been  studied 
electrodes  for  rheography 

(eiectroplethysmography) .  by  many  authors.  L.  A.  Vodolaiakly  considers  that 
a  high  intereleetrode  resistance  results  in  the  appearance  of  frequency  and 
amplitude  distortions  of  the  electrocardiogram,  an  increase  in  the  IS  wave,  and  a 
decrease  in  the  positive  P,  R,  and  T  waves  [69]. 

L.  A.  Vodolasichkly  proposed  coaplex  method  for  treating  the  skin  which  lowers 
the  resistance  to  10-15  kQ.  The  skin  Is  treated  with  a  paste  eade  froa  soap  cream 
containing  finely  ground  pumice;  then  the  skin  is  rubbed  with  ether,  end  only 
after  that  la  the  electrode  paste  applied.  This  method  has  been  used  very  often 
in  aports  medicine  various  modifications  [500].  A  detailed  study  of  inters lac t rode 
resistance  with  various  methods  of  skin  fcreatmsnt,  types  of  pastas,  and  electrode 
Blzes  was  conducted  by  V.  V.  Rosenblat  and  A.  T.  Vorob'yev  [218].  They  showed 
that  for  brief  recording!  it  is  most  expsdient  to  uss  a  liquid  suction-cup  electrode 
with  skin  treatment  leather  by  Nikiforov's  mixture  (alcohol  +  ether  itl). 

Regarding  electrode  construction,  froa  the  various  types  -  reticular  [756], 
foil  [7*6],  laminar  with  wire  brush  [750],  and  dlak  [106,  *57,  612,  679]  -  the  lest 
type  waa  selected  as  the  most  convenient  for  attaennent.  The  construction  of  the 
electrode  waa  selected  so  that  It  could  be  easily  attached  to  a  chest  harness,  would 
not  press  its  sharp  edges  in  be  the  skin,  have  a  recess  for  depositing  paste,  and 
be  sufficiently  light.  The  electrode  diameter  is  18-20  mm.  The  electrode  is  made 
from  pure  silver.  It  is  interesting  to  note  that  the  American  researchers  employed 
stainleea  steel  electrodes  in  apace  flights  steel  [ *37 »  788,  789,  790].  The  value 
of  the  proper  selection  of  material  for  electrodes  is  pointed  out,  for  instance. 
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ip  artiste  afclisirt  bjr  LuibUm  and  Rtlpp*  in  1963  [618].  The 


authors  studied 


iiK»U»tm»  miitiMt  for  electrodes 


froa  0  mixture  of  As  and  AgCl 


proportlao. 


Mat  effect  ive  electrodes,  l.e, ,  the  ones  which 


the  least  latere  las trade  reels tense,  turned  oat  to  he  electrodes  containing 


)  HIM  Ag  sad  7  fart*  Agll. 

Mo  should  alee  note  the  proposal  ooaaentlng  dry  wire  elect, redes  aade  in  the 
fans  of  a  sereen  which  la  pie  seed  to  the  afelh  with  a  aolstened  a  ponce  [197.  631]. 

Uadowhtedlf 1  rsesareh  oa  the  aest  suitable  electrodes  end  point®  for  their 
arreagaaaat  for  slmlrasorSlairaHiy  wader  oeadltlons  of  opeee  fll*ht  auet  he  con¬ 
tinued.  It  la  poealbte.  for  laotoaoe.  to  ladle ate  the  extremely  proaleing  aodti 
of  en  electrode  which  was  propoaod  la  the  Oewasn  Pease ratio  ha  public  [776].  Three 
disks  with  a  dlaaeter  of  M-30  aa  are  placed  aa  Insulated  plate  at  a  distance  of 
6-40  M.  the  extreme  disks  are  attire  and  the  central  one®  ("ground")  weaken  the 
plohupe. 

To  lap rove  the  quality  of  electrocardiogram  recording,  certain  authors  propose 
the  uee  of  eapllflera  with  a  limited  frequency  band.  J.  Roman  [679]  indicates 
that  a  limitation  of  the  head  froa  above  to  100  epe  does  not  affect  the  clinical 
information  content  of  a  recording,  to  60  ope  the  electrocardiogram  practically 
does  not  change,  end  to  86  opa  It  introduces  certain  distortions.  Limitation  of 
the  band  from  below  to  0.8  ope  doea  not  change  the  clinical  information  content. 

The  influence  of  auaole  interference®  at  varloue  degree®  of  narrowing  the  band  of 
an  electrocardiographic  eaplifier  was  investigated  in  detail  by  A.  Fraimsn  and  his 
assoc late e  [*37].  Optimum  solutions  were  obtained  for  a  noisy  channel,  whereby 
a  change  of  the  frequency  aoale  0 rested  a  maslanm  eignal-to-noiee  ratio. 

Aa  waa  shown  above,  the  electrocardiographic  eapllflera  in  the  physiologic 
equipment  on  the  Soviet  "Voetofc"  spacecraft  had  a  uniform  f requency-respone *  curve 
in  the  frequency  band  of  0.1«>b0  opa,  which  fully  correspond®  to  the  practical  ae 
well  aa  the  theoretical  requirements ,  especially  ate  considers  the  high  signal 
power  in  a  lead  froa  the  ohaat. 

Worms  of  the  magnitude  of  electrocardiogram  waves  and  intervals  in  selected 
leads  were  studied  by  mesne  of  c papering  them  pith  standards.  This  was  done  by 
examining  80  young  persona,  tables  16  and  17  give  the  coaparative  data. 

As  can  be  eeen  from  the  tables,  the  duration  of  the  QRS  end  QT  intervals  in 
the  MX  lead  is  somewhat  loeger  than  in  the  II  standard,  and  the  duration  of  the  PQ 
interval  is  somewhat  shorter.  However,  the  variance  of  values  in  the  NX  lead  is  lees. 
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Table  16,  Normal  Variations  In  Duration  of  EKO  Intervals 
lit  II  and  NX  Leads 


Intervals 

Statistical  - - - ado 

Index  _ Hz  _ £2° 

hrrsn  II  I  MX 


It 

•M 

SM 

0,11 

s?.o 

in 

o.<« 

0,(* 

MI.# 

•#.« 

«M.S 

NX 

o,n 

*M 

w 

Sl.t 

0,4* 

M.l 

•M 

n* 

The  p  wave  In  the  NX* and  DS  leads  is  the  same  as  in  the  I  in  II  standard  ones; 
at  Inhalation*  it  essentially  Increases  in  the  MX  lead  and  decreases  In  the  DS 
lead.  The  same*  tout  lees  expressed,  changes  are  observed  In  the  III  and  I  standard 
leads,  respectively. 

A  small  R  wave  and  a  deep  8  wave  is  observed  In  the  MX  lead.  The  R  wave  is 
high  in  the  DS  lead  (higher  than  In  the  standard  leads).  At  inhalation.  In  dis> 
tinction  from  the  standard  leads,  the  amplitude  of  the  R  wave  in  the  DS  and  the  NX 
hardly  changes.  The  T  wave  in  the  MX  and  the  DS  is  higher  than  In  the  standard 
leads  (especially  in  the  MX).  The  changes  of  the  T  wave  at  inhalation  are 
analogous  to  the  changes  of  the  F  wave. 

The  wave  variance  in  the'  NX  and  DS  leads  j  Just  as  in  the  I  and  II  standard 
leads,  is  30-50)*.  The  variance  in  the  DS  lead  is  less  than  in  the  NX. 

To  determine  the  direction  of  the  electrioal  axis  of  the  heart  on  electro¬ 
cardiograms  that  ware  recorded  in  DS  and  MX  leads  on  the  basis  of  the  analogy  of 


W  and  X«  56  aed  III  Ft— era  Kill,  A,  5.  Yegorov  established  the  correlation, 
v-justis^ 

«Hn  V  1#  the  magnltugg.  of  angle  a  In  the  at—  dart  Leads;  X  la  the  nagnltuda  in 

Afea'W  — d  M  toad*,  —Ida  sad  —  the  X  and  XU  standard  leads, 

respectively,  * 

<1 

Tn  determine  angle  a  for  the  NX  and  06  leads,  we  can  use  existing  tables  or 
dcvicsMtars,  ccnelte-riag  MS. and  56 *  -respectively,  —  the  I  and  III  standard  leads. 
IS*  obtained  Magnitude  of  angle  a  —at  he  substituted  in  the  given  formula.  it 
it  nacaeasry,  hoienr,  to  Indicate  that  this  f oneula  la  useful  only  for  calculating 
angle  a  la  healthy  young  pax-eons  and  under  sftmdltloM  of  rest.  Clinical  obaervatior 
did  not  confirm  the  validity  of  this  method  |ar  determining  the  electrical  axla 
of  the  heart  In  KZ  and  56  leads  In  —*  u(M»  cardiac  phtboi— y  (Yu.  H.  Volkov) . 


rig.  52.  Electrocardiogram  in  MX  and  D8  laada. 


Figurae  52-53  shoe  samples  of  electrocardiogram  in  MX  and  DS  leads  and 
synchronous  recording  of  56  and  X  standard  leads  while  the  test  subject  wee 
exercising.  The  noise  Immunity  of  the  D6  lead  Is  very  demonstrative. 

MX  ond  DS  laada  wars  used  during  the  flights  of  the  *Voetok"  spacecraft. 
Astronauts  Yu.  A.  0 agar in  and  3,*  8.  Titov  had  their  electrocardiograms  recorded 
in  b^th  of  these  leads;  the  BCD's  of  tha  other  astronauts  were  recorded  only  in 
the  DS  lead. 

* 

Figures  $4-55  show  samples  of  electrocardiograms  that  were  recorded  In  Soviet 

-  I 

astronauts  during  flight  on  the  "Vostoks,"  Ag  can  be  seen  from  the  electrocardio¬ 
gram  of  V.  F.  Bykovskiy ,  which  were  recorded  —  the  first  and  last  day  of  flight, 
the  quality  of  the  curves  was  sufficiently  high  for  five  days. 


Pig.  53.  Noise  immunity  of  gg  lead  luring  movement 
(synchronous  recording  of  first  standard  and  D8  leads). 


Fig.  5^.  Samples  of  electrocardiogram  of  Yu.  A.  Angaria 
(A)  and  V.  V.  Nlk.oloyeva-Tereshk.ova  (B)  that  were  recorded 
during  space  flight. 


Pig.  55.  Electrocardiograms  of  V.  P.  Bykovskiy 
which  were  recorded  on  the  first  (a)  and  fifth  (b) 
day  of  flight. 

!  : 

t.  s 

For  the  purpose  of  studying*  thr?  diagnostic  feasibilities  of  NX  and  DS  leads, 
Yu.  M.  Volkov  examined  56  patients  with  various  diseases  of  the  cardiovascular 
syatea;  this  was  done  at  our  suggestion  as  the  S.  M.  Kirov  Military  Medical  "Order 
of  Lenin"  Academy  [VMOLA].  It  was  established  that  NX  and  D8  leads  quit*  clearly 
reflect  the  pathological  processes  that  occur  in  the  cardiac  muscle.  It  was 
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at  in  *  ausfesr  of  saati  th*M  leads 


rtarpi,  teen  In  tton  omm 


>  Umm  leads  asks  it  pfulkli  to  reveal  pathological 
ttMjr  ere  not  noticed  oaring  an  investigation  with 


the  application  of  the  usual  loads,  < 

Alectrocardiogran  according  in  Animals 
tlaetronardl  ngri  phis  co  search  am  selwfta  under  conditions  of  spans  f light  is 
amthodo  logical  ly  slap Is?  than  on  lumens,  IDs  heart  biopotentials  of  animals  are 
recorded  toy  naans  of  iaplambsd  electrodes, 

During  the  flights  of  ttes  mccrc -fifth  goriet  orbital  spacecraft  with  animals, 
nlsctrodss  usee  employed  in  the  fora  of  a  10  m  10  an  reticule  made  from  multiple 
tantalum  «Ue  (MMO)  (KM  -10) .  the  lead  part  of  the  electrode  was  a  continuation 


of  it*  reticular  part  and 


■as  ooated  (In  a  number  of  oases)  with  polyethylene, 
procedures  were  dsast loped  toy  A.  A.  Kotovskiy.  The 


Ortheds  for  pdohing  up  the  Map  sheet!  ala  warn  specially  investigated  on  20  dogs  with 
the  cooperation  of  N.  N.  Osipova  (51].  Assorting  was  conducted  with  the  aid  of 
reman  needle  electrodes  Msleh  wars  placed  on  three  extremities  end  in  four  pectoral 
poaltlona  [ol,  05#  05#  09]  (T*<  T5#  r5<  T9)«  Eighteen  leads  were  recorded  in  each 
dog.  All  animals  wars  examined  while  lying  an  their  stanch.  The  investigations 
store  cossdueted  at  the  asms  tine  of  day. 

As  It  Is  known#  the  elrctroeardlagnmn  of  doge  sure  distinguished  by  expressed 


store  cossdueted  at 


As  It  Is  known#  the  electroeardlogrsrn  of  doge  sure  distinguished  by  expressed 
.‘ipiratory  arrhythmia  and  considerable  variance  in  wave  shape  and  amplitude, 

•lch  is  not  connected  with  any  influences  on  the  animal  [266,  745,  616].  The 
calculation  of  these  peculiarities  was  facilitated  by  introducing  an  arrhythmia 
lndes  (AAR)  and  structural  coaplsx  formulas.  The  arrhythmia  index  is  determined 
toy  subtracting  the  minimum  duration  of  the  cardiac  cycle  from  its  maximum  duration 
(A  A  P  ■  A  R^kctR  Rgj,^.  The  structure  of  the  EKQ  complex  was  designated  by  letters 
In  accordance  with  the  nuxber  of  expressed  waves.  Lower-case  letters  expressed 
a  decreaM  in  the  wavea,  upper-case  letters  indicated  their  normal  magnitude,  and 
upper-case  letters  in  parentheses  denoted  an  increase  la  the  waves.  To  indicate 
splitting,  pointing,  end  two  phase  character  ef  tbs  waves,  the  following  arbitrary 
symbols  wars  placed  above  thp  Appropriate  letters :  (V),  (/^,  (+  -).  Displacement 
of  Intervals  FQ  or  8T  was  designated  by  s  horisontal  line  above  or  below  the  letters. 
Figure  56  illustrates  samples  of  recordings  that  were  obtained  from  the  dog 
Shutka.  The  structural  formulas  are  shown  under  the  complexes.  The  whole  variety 

of  complexes  can  toe  reduced  to  five  typical  structures:  FQA8T,  FQKT,  FAT,  PST, 

« 
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Fig.  56.  Electrocardiogram  of  a  dog 
designate  structure  of  complexes) . 


in  18  leads  (letters 


In  our  opinion,  only  changes  of  the  structural  type  of  a  coop lex  as  a  result 
of  some  influence  can  serve  as  a  criterion  of  electrocardiographic  pathology  in 
animals.  Therefore,  when  selecting  EKQ  leads,  it  is  most  expedient  to  have  leads 
with  different  types  of  complexes.  Table  18  shows  the  distribution  of  structural 
types  for  leads  (on  the  basis  of  our  research  data). 

As  can  be  seen  from  the  table,  p  R  T  is  more  frequently  encountered  in  leads 
2,  3,  [UK]  (YH)  and  [UL]  (yj)j  type  PRST  is  more  common  1m  leads  [OP-3]  (nj-3), 

[OP-5]  (rn-5)  and  [OL-3]  (171-3)  type  PQ  RT  is  found  most  often  in  leads  [OP-1]  (rP-1) 
and  [QL-1]  (T8-1).  These  three  types  of  structures  are  the  most  wide-spread. 

The  stablest  structure  is  possessed  by  leads  4,  3,  UK,  UL,  OP-3,  QL-1,  and  OL-3. 

Table  19  glees  the  data  en  certain  EKQ  indices  in  dogs  according  to  the 
results  of  processing  the  recordings  in  the  second  standard  lead. 
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Structural  types  of 
slectreeardlagrems 


EKO -index, 

HS| 

normal 

variations 

RR,  sec 

0.7 

0. 4-1.2 

QT,  sec 

0.28 

0.15-0.7 

FQ,  sec 

0.11 

0.09-0.13 

QRS,  sec 

0.05 

0.03-0.08 

cn,  Jt 

32 

26-48 

P,  MV 

R,  *v 


axle 

(degrees) 


Veen  ,  normal 
values  1  variations 


0.35  0.2-0. 5 
1.1  0.7-1. 5 


0.1-0. 6 

50-85 


These  data  fully  correspond  to  the  Materials  of  other  authors.  Thus,  M.  0. 
Shevchuk  and  M.  M.  Bereshnltttly  [274]  Indicate  values  of  FQ  and  QR8  within  the 
limits  of  0.06-0,13  sec  and  0.04-0.08  sec,  respectively.  R.  Jain  [541]  gives  the 
following  mean  figures:  PR  -  0.13  sec,  QRS  •  0.048  sec,  P  wave  -  0.26  mv,  and 
R  wave  -  1.41  mv. 

When  selecting  EKO  leads  for  dogs  one  should  consider  the  possibility  of 
obtaining  maximal  information  with  a  minimum  number  of  leads.  With  the  use  of  one 
lead,  one  should  recognise  leads  2,  UR,  and  CU4-3  as  the  bept;  for  two  leads,  2  and 
OP-1,  UL  and  QP-3,  UR  and  GL*4,  3  end  QL-3  can  be  recoamended. 

Changes  in  wave  amplitude  most  frequently  depend  on  the  change  of  the  heart 
position  in  the  chest  [266,  618],  Thus,  according  to  our  data,  the  biggest 
respiratory  variations  in  amplitude  are  found  in  leads  QL-5,  QL-9  and  OH-9.  To 


determine  the  electrical  position  of  the  heart.  It  Is  convenient  to  use  UL-UH  leads. 
The  amplitude  variations  of  the  R  wave  In  the  UL  lead  usually  are  connected  with  a 
change  of  the  electrical  axis  In  different  phases  of  the  respiratory  cycle. 

In  accordance  with  the  experimental  data  obtained,  electrodes  were  Implanted 
in  "astronaut  dogs"  in  the  region  of  the  extremities,  and  In  the  let  and  5th 
lntercoatal  spaces.  To  prevent  the  animals  from  damaging  the  electrodes,  the 
electrodes  on  the  extremities  were  transfered  to  the  region  of  the  back,  near  the 
shoulder  and  hip  Joints.  Control  recordings  shewed  that  the  character  of  the  curve 
did  not  change  essentially. 

Table  20  gives  data  on  GKO  leads  In  animals  that  made  flights  on  the  second 
a.M>  fifth  Soviet  orbital  spacecraft. 


Table  20.  Electrocardiographic  Lands  In  D< 
on  thm  Second  and  Fifth  Soviet  Orbital  Son 

age  Which  Made  Flights 
Escraft 

GKO 

lead 

lead 

Dog 

1  (con¬ 
ditional) 

e  (con¬ 
ditional) 

'  Dog 

l  (con-  ’ 
dltlcnal) 

Z  (con¬ 
ditional) 

Belka 

1 

2 

Muahka 

2 

Strelka 

2 

OP-3 

Chernushka 

1 

2 

Pchelka 

OP-3 

— 

Zvezdochka 

1 

2 

When  recording  the  electrocardiograms  In  the  animals.  It  was  necessary  to  take 
into  account  various  kinds  of  Interferences  Animal  movements  can  cause  high- 
amplitude  muscle  biopotentials  which  distort  the  electrocardiogram.  During  move¬ 
ments  there  also  occur  intertranspositions  (muscles,  skin,  subcutaneous  cellular 
tissue),  which  causes  displacement  of  electrodes  and  the  appearance  of  Inter¬ 
ferences  in  the  form  of  "driving"  of  the  Isoelectric  "drivings"  also  caul  be 
observed  in  time  with  respiration.  For  the  surgical  technique  and  implantation 
procedure  have  an  Important  value  in  eliminating  these  Interferences.  Electrodes 
must  not  be  placed  in  the  thlckneas  or  on  the  aurface  of  large  muacles.  They  must 
be  sutured  to  tendons  or  faaolae  in  regions  which  are  far  from  the  points  of 
attachment  of  the'musclea.  It  Is  expedient  to  place  the  electrodes  as  close  ae 
possible  to  the  periosteum;  then  their  displacements  during  animal  movement  will 
be  minimum.  It  Is  also  necessary  that  the  lead  wire  does  not  pass  near  any 

t  *  ! 

Btrong  muscles. 

Serious  inconeniences  In  experimental  work  are  related  to  interferences 
from  the  a.c.  network  (50  cps).  However,  inasmuch  as  animal  research  was  basically 
conducted  in  a  metallic  capsula,  which  was  a  sort  of. shield,  r.o  special 
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measures  for  protect ism  fra*  network  latarfk— r  n  were  required.  It  was  important 

i 

«Oy  to  emsur*  flood  groumdlmg  of  the  stim*sr|pd  the  equipamt. 

Xlectroeardiogram  recording  In  anlnels  j|prlng  flight  «u  carried  out  on 
nnril  ebumla.  Th#  quality  of  telemetry  rpeordlng  mi  good.  Only  during  pro¬ 
pelled  flight,  undor  th*  influence  of  vlbratlen*  and  O-loada,  and  alio  due  to 
muscular  tension  of  th*  aniaala.  was  recording  soaetlaas  of  low  quality.  Figure 
97  illustrates  saaples  of  electrocardiogram  of  dogs  which  were  obtained  in  dif¬ 
ferent  phases  of  flight.  The  interpretation  af  tele as trie  electrocardiogram  re¬ 
cording  is  not  especially  difficult.  All  the  necessary  indices  can  be  determined 
by  it. 


Pulsoewtry 

Changes  in  the  rhythm  of  cardiac  contractions  are  am  of  the  important  com¬ 
pensative-adaptive  responses  of  th*  circulatory  system.  An  increase  in  pulse 
rat*  to  known  limits  leads  to  an  increase  in  -the  minute  volume  and  to  an  accelera¬ 
tion  of  blood  circulation.  The  blood  supply  to  th*  cardiac  muscle  during  a  high 
pulse  rat*  is  improved  by  dilating  the  coronary  vessels  with  a  parallel  increase 
in  the  oxygen  consumption  of  the  myocardium  09], 

Pulse  rate  is  one  of  the  most  important  ladles*  of  the  functional  state  of 
the  cardiovascular  eyatem  [3f5.  116.  *18] .  It!  la  known  that  the  ancient  physicians 
distinguished  hundreds  of  pulse  varieties  and  even  mad*  diagnoses  on  the  basis 
of  the  pulse.  In  our  time,  the  evaluation  of  shifts  in  pulse  rate  during  functional 
tests  has  became  a  permanent  thing  when  performing  a  medical  examination  [106, 

162,  900].  A  space  flight  may  also  be  considered  as  s  unique  cardiovascular  test. 


The  quantitative  characteristics  of  reactions  are  determined  by  coopering  the 
pulse  rate  in  various  stages  of  flight  with  the  initial  pulse  rate  at  rest  and 
during  the  simulation  stresses  which  are  accompanied  by  the  action  of  the  factors 
of  space  flight  (centrifuge,  prolonged  hypodynamia,  etc.). 

To  monitor  pulse  rate  during  prolonged  periods,  and  also  when  there  is  no 
direct  telemetry  contact  with  the  spacecraft,  a  special  instrument  was  developed, 
i.e.,  the  electrocardiophone  (see  above).  This  instrument  converted  heart  bio¬ 
potentials  which  corresponded  to  the  Q  R  S  complex  of  an  electrocardiogram  into 
square  pulses  0.15  sec  in  duration.  To  send  AP-modulated  transmission  in  the 
rhythm  of  heart  contractions,  a  shortwave  "Signal"  transmitter  was  used,  which 
operated  continuously  during  the  entire  orbital  flight.  A  sample  of  an  electro¬ 
card  lophonogram  recording  la  shown  in  Fig.  58.  The  electrocardiogram  is  used  for 
more  exact  calculations  of  pulse  rate. 


Fig.  58.  Sample  <jf  an  electrocardlophanogram 
recording  made  in  flight  "signal"  system. 

The  measurement  of  pulse  rate  —  pulsometry  —  has  an  important  practical  value 
in  space  medicine  in  providing  for  medical  monitoring  of  an  astronaut  Inasmuch 
ae  during  considerable  periods  of  time  the  electrocardiophone  la  the  only  source 
of  physiological  information. 

Pulsometry  methods  have  recently  started  to  be  intensely  developed.  Thus, 
Instruments  for  visual  and  audio  pulse  monitoring  have  been  employed  in  operations 
[392,  397].  Instruments  have  been  devised  which  make  it  possible  to  record  or 
observe  a  continuous  curve  of  the  change  in  pulse  rate,  i.e.,  a  pulse  tachogram 
[680,  719].  The  USSR  is  mass-producing  the  [ PT-2]  (ITT-2)  pulse  tachometer. 
Descriptions  have  been  published  concerning  instruments  daaigned  to  count  the 
total  number  of  pulse  beats  in  an  extended  period  of  time:  e.g.,  in  days  [358,  693). 
Of  importance  is  an  analysis  of  the  time  intervals  between  adjacent  pulse  beats, 
i.e.,  cardiointervalography  (397,  220,  311].  Other  methods  may  alao  be  used  for 
pulee  analysis  [4,  384,  485,  594,  640]. 

The  pulsometry  method  la  extremely  convenient  from  the  point  of  view  of  in¬ 
formation  transmission  and  instrumentation.  Pulsometry  requires  neither  broad-band 
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rt—wli  nor  hl^i-quaiity  mlifUn.  Datemmatlon  of  puls*  signal*  i*  possible 
mu  In  electrocardiograms  with  ocneldsrekl*  41s  tort  Ions.  All  this  ask**  it  very 
'•spsdlsat  to  coop lately  us*  th*  diegnoetia  Information  contained  in  a  sequence  of 
signals  union  characterise  th*  rhythm  of  hegpt  contraction*. 

Tim  simplest  aethsd  of  puls*  analysis  mjptelsts  in  tk*  construction  puleograms 
according  to  th*  results  of  counting  th*  frequency  of  heart,  contractions  in  10- 
s*cond  or  minute  recording  segments.  The  — dhud  of  statistical  analysis  of  pulse 
Intervals  with  the  calculation  of  th*  mean  values  of  the  root-mean-square  de¬ 
viations  of  th*  variation  factor  and  th*  autocorrelation  function  la  mar*  exact. 

The  determination  of  th*  degree  of  pule*  arrhythmia  (th*  difference  betueen  th* 
maximum  and  minimum  pula*  interval*  in  a  glvmm  tine  Interval)  has  an  Important 
diagnostic  value.  In  particular,  with  the  aid  of  precisely  this  method  It  was 
established  that  pula*  fluctuation  increase*  dm  weightlessness .  This  fact  served 
ae  an  Impetus  for  the  development  of  new  methods  of  pule*  analysis. 

Zn  cooperation  with  K.  I.  Zhukov,  w*  developed  the  procedures  of  variational 
pulsoaetry. 

We  used  th*  property  of  ergodlclty  of  a  dynamic  number  of  pulae  Intervals 
in  an  Investigation  under  relatively  constant  contMJpems  (for  Instance,  within  the 
limits  of  a  telemetry  communications  period). 

Variational  pulsoaetry  la  th*  calculation  of  the  distribution  segments 
>f  values  of  pulse  Intervale  with  th*  construction  of  variational  curves  or  histo¬ 
grams. 

To  obtain  a  sufficient  amount  of  numbers  in  each  segment  of  the  variational 
curve  It  1s  necessary  to  have  no  lee*  than  100-150  values  of  the  analyzed  magnitude. 
In  pulse  analysis  this  Is  a  1.5-2  minute  continuous  recording.  The  Interval 
between  segments  was  selected  as  0.05  or  0,1  sec,  proceeding  from  the  accuracy  of 
recording  calculations  and  the  lower  boundary  of  the  normal  limit  of  respiratory 
oscillations,  tha  heart  rhythm  in  humans  0.10  and  In  animals  0.15  aec.  Variational 
curves  make  It  possible  to  estimate  the  average  pulse  rate  and  fluctuation  and  the 
character  of  the  transition  processes  In  the  various  reactions  of  the  circulatory 
system.  1 

Figure  59B  Illustrates  variations!  pulsograas  of  a  hsalthy  man  under  condi¬ 
tions  of  normal  activity  after  phyelcal  esercl**  end  while  aslesp.  As  can  be  seen, 
the  sympethetic  response  (physical  exerci**)  la  accompanied  by  a  shift  of  the 
variational  curve  to  the  left  end  pointing  upwards  (a  decrease  In  pulse  fluctuation) 
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Fig.  59.  Variational  pulaograma.  A  —  In  thg  apace  flight  of  aatronaut  V.  F. 
Bykovskiy  (designated  by  dots),  for  comparison,  pulsagrdhs  an  (Ivan  which  wrt 
ott  lined  during  tests  on  lartn  and  In  the  prm- launch  period  (solid  line  end  dotted 
llr.o)  B  —  on  the  ground  for  a  healthy  nan  at  rest  (n),  after  exercise  (X)  and*  a 

sleep  (C) . 

the  parasympathetic  response  (sleep)*  conversely*  causes  opposite  changeei  a  shift 
to  the  right  and  flattening.  Thus,  the  variational  curve  Bakes  It  possible  to 
evaluate  the  state  of  nouro -endocrine  regulation  of  the  card'  ^vascular  apparatus. 

Figure  59  shows  the  variational  curves  of  astronaut  V*  F.  Bykovskiy  during 
ground  Investigations  In  a  spacecraft  mockup  In  the  pre-launch  period  (5  minutes 
before  launching)  and  In  weightlessness  (71st  revolution).  Here  It  Is  distinctly 
determined  that  In  the  pre-launch  period  the  tonus  of  the  sympathetic  nervous 
system  sharply  Increases,  while  In  weightlessness*  there  is  observed  a  certain 
predominance  of  the  parasympathetic  system. 

Variational  pulsometry  has  permitted  us  to  make  Important  conclusions  con¬ 
cerning  the  state  of  nervous  regulation  of  the  heart  In  space  flight,  and  Its 
application  In  space  cardiology ’Is  very  promising.  This  method  Is  convenient  far 
malifestatlon  of  slow  rhythms  of  the  vegetative  nervous  system,  which  Is  recently 
being  given  an  important  value  [96,  652,  715]. 

Phonoc  ardloaraohy 

Phonocardiography  Is  the  recording  of  the  sound  phsnosmna  produced  by  heart 
activity.  The  sounds  produced  by  the  heart  are  characterised  by  a  definite  fre¬ 
quency  spectrum  and  energy  (Intensity).  Sound  phenomena  daring  auscultation  are 
evaluated  as  tones  or  noises.  The  spectrum  of  heart  tones  lies  within  limits  of 
30-150  cpa,  and  tha  noiss  spectrum  la  up  to  BOO  cps  (259). 

A  characteristic  property  of  heart  sounds  is  the  unequal  distribution  of  energy 
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with  llipul  to  frequencies.  A*  the  frequency 
increases,  the  ensrp  dismiu  (Pig.  60). 

Mom  them  9S$  of  Mm  sound  energy  occur* 

In  4  mugs  of  up  to  100  ep*  and  only  5J* 
seoara  |»  Mm  root  of  ths  spectrum  rang* 
op  to  mo  opo.  menever,  sound  energy  composes 
only  o  oaoll  port  of  tte  aoohonlcol  energy 
of  hep*  oootxaetioa. 

A  normal  phonocardlogrsa  consists  of  two 
‘  toaoo  «•  MM  first  and  ttao  second  (systolic 
sad  iiyMtoltn).  n*  third  snd  fourth  tons* 
oro  roroly  obsorrod. 

The  first  tons  la  esussd  toy  tsaslcr.  of  MM  syooordiua  snd  ths  well*  of  large 
vessels  snd  by  flapping  of  the  atrioventricular  volvoe  In  the  beginning  of  the 
isoaetrle  phase. 

The  second  tons  Is  brought  about  by  rapid  flapping  of  the  seal lunar  valves  of 
the  sorts  snd  the  pulmonary  artery  followed  by  opening  of  the  atrioventricular 
valves. 

In  the  Investigation  of  healthy  persons,  e.g. ,  in  sports  aediclne,  prime 
attention  is  allotted  to  suoh  phonocardlogrsa  characteristics  as  duration  snd 
<*  lltude  of  tones  [109],  An  important  value  is  given  in  the  clinic  to  phono- 
radiographic  investigation  of  lie  art  noises. 

The  value  of  the  phonooardiographic  method  in  cardiological  examination  con- 
elsts  in  the  possibility  of  objectively  recording  tbs  fores  of  the  sounds,  their 
phase  relationships,  and  s  number  of  time  characteristics  of  the  hssrt  cycle 
(174.  222,  259]. 

Phonocardlogrsa  recording  under  conditions  of  specs  flight  has  two  purposes: 
to  monitor  the  mechanical  activity  of  the  cardiac  muscle  ard  to  investigate  the 

e 

dynamics  of  sound  phenomena  during  the  action  of  space  flight  factors.  Considering 
that  astronauts  are  specially  selected  snd  trained  individuals  who  have  no 
pathological  hssrt  murmurs,  it  is  expedient  to  give  prims  Attention  to  the  recording 
of  heart  tones.  In  addition, ‘inasmuch  as  phonocsrdlogrsm  recording  is  impossible 
under  conditions  of  the  ectlom  of  0-losds  and  vibrations,  and  also  when  conducting 
radio  cosaunlcetians  snd  In  ths  process  of  activity,  it  is  desirable  to  limit  the 
frequsney  band  whan  recording  phonocsrdlogrsms  in  specs  flight.  Limitation  of  the 


Pig.  60.  Distribution  of  mm  rip 
of  heart  vibrations  ami  ssunda 
depending  upon  frequency.  Along 
ths  vertical  -  intensity  of  • 
vibrations  sad  sounds  is  v/am?i 
along  the  horlsontal  -  on  . 
logarithmic  frequency  seals. 
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frequency  bend  has  lta  advantage a  froa  the  point  of  view  of  tele** try  specialists 
since  it  stakes  it  possible  to  significantly  decrease  channel  capacity. 

In  reference  to  the  conlltions  of  the  flight  experiment  on  the  second  and 
third  Soviet  orbital  spacecraft,  we  developed  a  special  aethod  called  "integral 
phonocardiography"  [29].  It  consists  of  isolating  a  low-frequency  envelope  of 
audio-frequencies  by  asans  of  detecting  and  integrating  the  output  signals  of  a 
phonocardiographlc  aaplifler ,  mere  is  no  information  on  the  frequency  composition 
of  the  phonocardiographlc  aurve  in  this  case,  but  it  is  possible  to  detansine 
all  the  indices  which  characterise  the  energy  and  duration  of  heart  tones.  The 
transmission  of  an  "integral"  curve  can  be  done  by  using  telemetry  channels  with  a 
considerably  smaller  capacity  than  that  required  or  the  transmission  of  the  usual 
ptr  nocardiogram. 


As  it  is  known,  the  designing  of  microphones  with  appropriate  frequency 
characteristics  for  purposes  of  phonocardiography  is  being  allotted  considerable 
attention  [141,  246].  The  recording  of  "integral"  phonocardlograms  does  not  require 
special  microphones.  Practically  any  converter  can  be  used  which  changes  sound 
vibrations  into  voltage,  including  miniature  telephones.  This  essentially 
facilitates  sensor  arrangesmnt  and  attachment. 

We  used  a  miniature  [TQ-7]  (Tr-7)  telephone  (a  50-ohm  resistor)  without  any 
special  design  modifications,  and  an  amplifier  with  a  gain  factor  of  about  20,000 
and  a  frequency  band  of  50-500  ops.  We  connected  a  diode  detector  and  an 
integrating  circuit  with  a  time  constant  of  the  order  of  0.02-0.05  sec  to  the 
amplifier  output  (a  2000-ohm  resistor  and  a  20-microfarad  capacitor).  Figure  6l 
illustrates  synchronously  recorded  regular  and  "integral"  phonocardlograsM. 

- - - - , - , - - 

•  % 


Pig.  61.  A  regular  (BCT )  and  an  integral 
phonoc ardiograa . 


It  la  interesting  to  note  that  in  1962  the  United  States  published  e  patent 
for  an  analogous  "integral"  phonocardiography  method  for  recording  heart  noises 
in  limited  frequency  rangee  [70f].  Corresponding  filters,  a  detector,  and  an 
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inertial  recorder  were  used. 

The  Method  of  "integral"  phonocardiography  was  #uee**sfully  used  in  flight 
experiments  with  animals,  Fhonocardiograms  ware  recorded  simultaneously  with 
electrocardiograms.  A  pickup  was  attached  In  the  region  of  the  fourth  and  fifth 
intercostal  space  2-t  cm  outwards  from  the  left  edge  of  the  sternum  or  shove  the 
apex.  The  pickup  was  attached  to  the  animal  with  the  aid  of  bandages.  The  pickup 
wee  mounted  in  an  orlon  case  and  was  covered  by  a  thin  rubbar  band.  This 
facilitated  lta  attachment  and  did  not  cause  akin  abemsfcmmHmhsn' located  on  the 
animal  for  an  axtended  period  of  time. 

During  the  analysis  of  phonocardiogrssts  we  determined  the  following  indices: 
amplitude  end  duration  of  first  tone  (1  end  it  I)i  amplitude  amd  duration  of  second 

ir 

tone  (II  and  t  XI);  duration  of  mechanical  gymtele  —  time  from  beginning  of  first 
tone  to  beginning  of  second  tone  (t  X,  XI)  i  patio  ef  lAtmnaltlaa  of  tones  I  and  XX 
(iAl);  an  electromechanical  coefficient  whisk  determine*  the  relationship  of  the 
duration  of  the  electrical  and  snchanical  systole  (k  -  >  • 

Table  21  gives  the  values  of  normal  variations  of  phonocardiogrom  indices  in 
dogs  which  were  obtained  with  the  use  of  the  described  get hod .  These  data 
hardly  differ  from  the  results  of  phonocardiogrom  analysis  in  healthy  dogs  which 
were  published  by  Yu.  F.  Aniipehuk  [19] . 


Table  21.  Normal  ValUas  of  Riomocardlogram  Indices  in 
£2S» _ _  _ _ _ 


Index 

K 

IAl 

t  X,  see 

t  XX,  see 

1 

t  III,  sec 

Maximum  value 

1 

2.5 

0.15 

0.09 

0.20 

Minimum  value 

0.7 

1.2 

c.se 

Q.Qk 

0.19 

The  quality  of  the  phcnccardlogrems  that  were  obtained  under  conditions  of 
orbital  flight  was  quit*  high.  In  the  powered  phase  it  was  possible  to  analyse 
only  separate  elements  of  the  curve. 


Pig.  62.  fbonaoardiogram  of  ths  dog  "Belka"  during 
orbital  flight.  Upper  recording  —  integral  electro- 
cardiogram)  lower  recording  —  coot  act  respiratory 
sensor. 
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Figure  62  illuotrates  the  phonocardiogram  of  the  dog  Belka  which  was  obtained 
during  the  circumterrestrial  flight  of  the  second  orbital  spacecraft, 

Selsmocardlography 

The  electrical  and  sound  phenomena  which  accompany  heart  contraction  do  not 
provide  a  presentation  on  the  final  results  of  heart  activity  or  with  what  force, 
regularity,  and  speed  is  blood  pumped  from  the  ventricleB  into  large  arterial 
t.  run  Its,  and  how  filling  of  the  heart  occurs  during  diastoles.  One  of  the  methods 
which  makes  it  possible  to  investigate  these  questions  is  ballistocardiography; 
however,  itB  application  under  conditions  of  Bpace  flight  is  practically  impos¬ 
sible.  Therefore,  with  the  cooperation  of  L.  A.  Kazar'yan,  we  developed  a  special 
modification  of  ballistocardiography  called  seismocardiography  [39].  It  is 
essentially  the  recording  of  the  third  and  fourth  derivative  of  the  dorBoventral 
(or  longitudinal)  pectoral  ballistocardiogram  [190] .  The  principle  of  the  method 
is  based  on  the  conversion  of  pulse  motions  of  the  cheat  wall  into  oscillations  of 
an  inert  (seismic)  mass  which  is  elastically  coupled  to  the  subject  of  measurement. 
The  seismic  mass  has  a  natural  frequency  of  oscillations  which  lies  beyond  the 
range  of  cardiac  vibrations.  It  should  be  noted  that  an  analogous  principle  of 
recording  mechanical  oscillations  of  cardiac  origin  has  been  used  in  ballisto¬ 
cardiography  [39,  186]  and  in  kinetocardiography. 

Several  versions  of  selsmocardlographic  pickups  have  been  developed.  The 
first  type  of  pickup  was  developed  Jointly  with  engineer  L.  A.  Kazar'yan  [28] . 

A  drawing  of  this  pickup  is  illustrated  in  Fig.  63.  The  pickup  is  intended  for 
investigations  on  animals  and  was  used  during  the  flight  of  the  third  Soviet 
orMtal  spacecraft.  The  pickup  consists  of  a  metallic  box  with  the  dimensions 
60  x  50  x  20  mm  and  a  base  made  from  laminated  insulation  to  which  a  flat  spring 
with  &  seismic  mass,  which  is  simultaneously  the  magnetic  element  of  the  conversion 
system,  1b  attached.  The  second  element  of  this  system  consists  of  two  induction 
coils  with  iron  cores,  which  are  attached  to  the  base  of  the  pickup  and  are 
stationary  relative  to  the  moving  seismic  mass,  i.e.,  magnet. 

The  pickup  is  placed  or.  the  back  of  the  animal.  Body  motions  that  are  brought 
about  by  heart  contractions  cause  translocations  of  the  pickup  housing  relative 
to  the  seismic  mass.  As  a  result  of  the  action  of  inertial  forces,  the  spring 
is  strained  and  natural  damped  oscillations  of  the  seismic  mass  occur.  The 
frequency  of  the  natural  oscillations  is  20-39  cpB.  The  damping  time  is  less 
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Fig,  63,  Two  samples  of  seismoeardiographic  pickup 
designs,  1  —  steel  core;  2  —  coil;  3  —  magnet- 
seismic  mass;  4  -  plastic  housing;  5  —  spring  (steel 
string  or  plate);  6  —  hermetically  sealed  holes  for 
pouring  in  damping  fluid;  ?  —  pickup  cavity;  8  — 
magnetic  wire;  9  -  wire  to  amplifier;  10  —  mounting 
plate;  A)  pickup  used  to  study  the  dog  Pchelka  in 
space  flight;  B)  modernized  pickup. 


than  0.1  sec.  Thus,  each  pulse  translocation  of  the  body  is  accompanied  by  a 
cycle  of  natural  oscillations  of  the  seismic  mass  and  the  appearance  of  electrical 
voltages  at  the  pickup's  output.  The  amplitude  and  duration  of  every  oscillatory 
cycle,  other  things  being  equal,  depend  on  the  magnitude  or  the  acceleration  acting 
upon  the  pickup  and  upon  the  time  of  its  action. 


I  A.  — ■ II  Al 


■  A  ...  ft 


atr  a,  1  {» 


Inhalation 


Fig.  64.  Synchronous  recording  of  a  seismocardiogram  (CKD 
and  an  electrocardiogram  (3KT).  A  pneumograra  (IT)  is  shown 
at  the  bottom. 


Figure  64  illustrates  the  synchronous  recording  of  a  seismocardiogram  and  an 
electrocardiogram.  As  can  be  seen,  the  seismoeardiographic  complex  consists  of 
two  clearly  determined  parts  (cycles):  the  systolic  and  tla.  dlanuoLi;.  The 
amplitude  of  each  cycle  is  directly  related  to  the  magnitude  of  the  forces  acting 
in  a  given  phase  of  heart  contraction.  The  duration  of  the  damping  period  depends 
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un  the  time  relationships  between  these  forces.  The  fact  is  that  at  each  moment  not 
one,  but  several  forces  act  synchronously.  If  the  normal  (synchronism  of  forces  Is 
modified,  l.e.,  definite  forces  appear  with  a  longer  than  usual  time  Interval 
relative  to  each  other,  the  damping  period  of  the  natural  oscillations  of  the  seismic 
mass  should  be  increased.  This  will  occur  because  the  appearance  of  new  inertial 
forces  will  cause  out-of-tum  vibrations  of  the  body,  which  will  lead  to  an  increase 
In  the  time  of  damping  the  oscillations  of  the  seiemic  mass.  Thus,  there  can  occur 
over,  merging  of  two  cycles  into  one,  or  there  may  appear  new  brief  oscillatory  cycles 
(such  phenomena  were  detected  on  seismocardiograma  of  cardiac  patients). 


i 


Fig.  65.  Seismocardlogram  recorded  during  flight  of  dog 
"Pchelka"  2/1/60.  From  top  to  buttum  aeiamocardlogrem, 
pneumogram,  and  electrocardiogram. 

Purlng  the  analysis  of  selsmocardlograma  the  following  indices  are  usually 
determined:  amplitude  of  the  first  (systolic)  oscillatory  cycle,  which  reflects  the 
magnitude  of  cardiac  forces  acting  in  the  systol  c  period  (A-l)j  amplitude  of  the 
second  (diastolic)  oscillatory  cycle,  which  reflects  the  magnitude  of  cardiac  forces 
acting  in  the  diastolic  period  (A-2);  duration  or  the  first  oscillatory  cycle,  which 
determines  the  synchronism  of  the  cardiac  forces  in  the  systolic  period  (t  A-i); 
duration  of  the  second  oscillatory  cycle,  which  determines  the  synchronism  of  cardiac 
forces  in  the  diastolic  period  (t  A-2);  duration  of  mechanical  systole  (time  from 
the  beginning  of  the  first  to  the  beginning  of  the  second  oscillatory  cycle)  (t  A1A2) j 
of  the  electrocardiogram  Q  wave  to  the  beginning  of  A-l  (t  Q  A-l). 

Table  22  gives  the  values  of  some  of  these  indices  which  were  observed  in  dogs 
while  lying  on  their  stomach. 


Table  22.  Normal  Values  of  Seismocardlogram  Indices  of  a  Dog 


Index 

A  1/A  2 

tA  l,  sec 

tA  2,  sec 

tA  1A2,  sec 

■HH| 

Bi 

■1 

In  view  of  the  fact  that  the  frequency  of  natural  oec illation#  or  the  seismic 
a* tie  Id  sufficiently  high,  respiratory  notions  and  other  slow  movements  or  the  body 
practically  do  not  influence  the  recording,  there  are  only  respiratory  variations  in 
the  recording  amplitude.  Since  the  spring  system  of  the  pickup  has  only  one  degree 
of  freedom,  only  movements  In  one  direction  are  recorded.  High-quality  recordings 
are  obtained,  as  a  rule,  only  under  conditions  of  complete  rest  of  the  investigated 
animal.  During  movement  selsmoeardlograa  recording  is  impossible,  and  the  pickup 
works  as  an  actograph.  However,  rapid  damping  of  natural  oscillations  of  the 
selsmo-pickup  makes  it  possible  to  record  normal  aeiemocardlographlc  complexes  in 
the  rest  period  between  movements.  Zt  should  be  noted  that  also  when  recording 
under  conditions  of  complete  rest  the  sensitive  selsmo-pickup  detects  a  certain 
oscillatory  background  caused  by  the  presence  or  mlcrovlbratlons  of  the  body,  which 
la  related  to  the  biophysical  fundamentals  of  heat -regulation  in  warm-blooded  animals 
[677].  Figure  65  shows  a  aelamocardiogram  that  was  recorded  during  the  space  flight 
of  the  dog  Pchelka.  In  each  recording  period  the  clearest  and  most  expressed 
complexes  were  selected.  In  view  of  the  movements  of  the  animal,  a  considerable 
portion  of  the  recording  la  an  actogram;  however,  it  was  possible  to  select  no  less 
than  15-20  complexes  per  recording  period,  which  Is  quite  sufficient  for  a  statistical 
p-  niuatlon.  Both  the  time  and  amplitude  Indices  have  fully  reliable  values  inasmuch 
he  construction  of  the  selsmo-pickup  anticipates  rigid  attachment  of  ««n«orR 
curing  the  entire  time  of  flight. 

Two  other  types  of  seismocardiographic  pickups  were  developed  for  human  research. 

The  first  one  ia  a  variation  or  the  pickup  that  was  used  in  experiments  with 
animals.  This  pickup  was  also  developed  with  the  cooperation  of  L.  A.  Kazar’yan, 
and  then  manufactured  by  the  "8MA"  [EMA]  plant.  Normal  aelamocardiogram  variations 
were  studied  by  examining  20  young  persons  between  ages  of  20  and  22  years  [27]. 
Seismocardiograms  were  recorded  from  various  points  of  the  anterior  surface  of  the 
chest  wall  in  the  sitting  and  prone  positions.  An  electrocardiogram  and  an 
pneumogram  were  simultaneously  recorded.  The  pickup  was  arranged  in  such  a  manner 
that  the  direction  of  oscillations  of  the  seismic  mass  coincided  with  the  dorso- 
ventral  axis  of  the  chest  wall.  The  pickup  was  secured  with  the  aid  of  a  rubber  belt. 

As  a  result  of  a  comparison  with  other  curves,  it  was  established  that  the 
beginning  of  the  oscillatory  cycle  A-l  corresponds  to  the  beginning  of  the  phase  of 
rapid  expulsion,  and  cycle  A-2  is  evidently  connected  with  the  forces  which  develop 
in  the  return  blood  stream  in  the  aorta  and  the  pulmonary  artery,  and  partially  with 
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the  forces  which  appearing  during  rapid  filling  of  the  ventricles. 

The  time  Interval  tA!A2  is  practically  equal  to  the  duration  of  the  mechanical 
systole  since  the  first  cycle  starts  in  the  middle  of  the  isometric  tension  phase, 
when  mechanical  displacement  of  the  ventricles  occurs. 

The  results  of  ths  statistical  processing  of  SO  ssismocardiograms  are  given  in 
Table  25. 


Table  25.  Normal  Seism 

acardlocrea  Variations  in  a  Human 

r— 

ram  lndlt 

ea 

Statistical  index 

raj 

tA  1A2 
sec 

tA  1 
see 

tA  2 

sec 

Ai,  torn 

< 

A2#  BB& 

A1/A2 

•w- 

Arltnmetic  mean  (M).... 

0.10 

a 

0.17 

0.14 

20.4 

15.4 

l.?2 

O.85 

Standard  deviation  (a). 

0.025 

Hfl 

0.047 

0.051 

5.26 

5.0 

0.54 

0.22 

Arithmetic  mean  error 

(m) . . 

0.005 

H 

0.009 

0.006 

0.66 

1.0 

0.11 

0.045 

Variation  factor  (V) . . . 

25* 

10* 

27* 

22* 

16* 

52* 

40* 

27* 

Maximum  value  (X,,^)... 

0.128 

0.58 

0.24 

0. 18 

28.7 

19.6 

5.05 

0.95 

Minimum  value  (X,^) .  •  • 

0.040 

0.27 

0.12 

0.06 

12.9 

8.5 

0.76 

0.75 

Another  type  of  aeiamocardiogrephic  pickup  was  developed  at  cur  suggestion  by 
N.  <3.  Esaulov  (Fig-  66).  This  pickup  was  used  in  miniature  form  for  research  during 
the  flight  of  the  "Vostok-5"  and  "Vostok-6."  Figure  67  illustrates  the  simultaneous 
recording  of  aelsmocardlograms  with  the  aid  of  a  miniature  pickup  designed  N.  Q. 
Esaulov  and  a  pickup  manufactured  by  the  "EMA"  plant.  As  can  be  seen,  there  is  a 
distinction  only  in  the  duration  of  damping  the  natural  oscillations  of  the  seismic 
mass,  which  la  caused  by  the  different  degree  of  elasticity  of  suspensions  and  the 
different  degree  of  damping  (N.  0.  Esaulov* s  pickup  mnploys  oil  damping). 


B 
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Fig.  66,  External  appearance  of  selsmocnrdio- 
graphic  pickups.  A  —  pickup  whose  drawing  is 
Bhown  in  Fig.  64b;  B  -  pickup  designed  by  N.  G. 
Esaulov, 


Fig.  67.  Selsmocardlograms  recorded  by  "ENA"  plant 
pickup*  (A)  and  N.  0.  Eeaulov'e  pickup  (B).  Electro¬ 
cardiogram  at  top. 


A*  indicated  by  Yu.  N.  Volkov'*  investigation*  (S.  N.  Kirov  VMOIA) ,  which  were 
conducted  »t  our  suggestion,  aclsmocardiography  is  a  very  effective  diagnostic  method 
In  the  clinic.  Figure  66  show*  selsmocardlograms  of  different  patients.  These 
recordings  Illustrate  the  peculiarities  of  seismocardiograms  for  heart  failure, 
myocardial  infarction  and  arrhythmia. 


Fig.  68,  Selsmocardlograms  recorded  in  a 
healthy  individual  (A)  and  in  patients  with 
arteriosclerotic  cardiosclerosis  (B). 
decompensated  mitral  valve  failure  (C),  end 
paroxysmal  tachycardia  (0). 


The  application  of  the  seiamo* 
cardiography  method  In  the  "Voatok-511 
and  "Vostok-6"  flights  was  an  Important 
stage  In  research  on  the  Influence  of 
weightlessness  on  the  human  circulatory 
system.  The  pickup  was  placed  in  the 
region  of  the  sternum  and  attached  to 
the  clothing  from  the  Inside.  Seismo¬ 
grams  were  recorded  on  one  telemetry 
channel  with  an  electrooculogram.  This 
was  possible  In  view  of  v*e  different 
frequency  spectra  of  the  processes 
which,  in  actuality,  influenced  the 
amplitudes  of  the  selsmocardlograms 
in  the  process  of  flight  (see  below). 

However,  neither  the  amplitude 
nore  the  time  Intervals  changed. 

Figure  69  gives  a  sample  selsmo- 
cardiogram  of  V.  F.  Bykovskiy  which 


was  obtained  in  flight. 

During  thu  flight  of  the  "voskhod,"  selasocardlograas  were  recorded  simultaneously 
in  all  three  member*  of  the  crew,  The  seismocardlograms  were  transmitted  on  one 
channel  with  pneuaograa. 


Fig.  69.  Saaple  of  V.  F.  Bykovskiy's  aeianooardlog: 
recorded  in  epaoe  flight. 


Kinetocardlography  is  the  method  or  recording  the  local  low-rrequenoy 
vibrations  of  the  cheat  wall.  The  aethod  was  developed  by  Bddleaan  and  his 
associates  (410,  411].  Kinetocardlography  le  one  of  the  methods  of  seismic  pectoral 
ballistocardiography  [190]  and  makes  it  possible  fundamentally  to  atudy  tha  time 
responses  of  phases  of  the  heart  cycle  [17.  665].  Comparative  investigations  showed 
that  ths  klnatocardlograa  both  In  form  and  In  the  Information  which  It  contains  is 
very  similar  to  electrokymography  [748],  ult relow- frequency  balllatocardlcgraphy 
[684],  and  dynamocardiography  [190].  During  0.  S.  Titov's  flight,  klnetocardlograms 
were  recorded  by  means  of  a  pickup  in  the  fora  of  a  nlr.is.ture  asierephcRS  with  a 
preamplifier  operating  on  one  traneietor  (developed  by  X.  8.  Shadrlntaev) .  Tha 
pickup  waa  placed  in  the  region  of  tha  apex  beat  and  attachad  to  the  lnelde  of  a 
chest  harness.  Vibrations  of  the  chest  mil  ware  recorded  in  a  frequency  range 
10-20  cps.  Figure  ?0  illustrates  a  kinatocarfliogram  that  was  recorded  with  the  aid 
of  the  indicated  pickup  on  0.  S.  Titov  during  flight. 


\  ,  .a;-’ 


Fig.  70.  KlnetocardiugraA  recorded  during  G,  3.  Titov's 
flight. 


The  disadvantages 
of  the  electromagnetic 
pickup  are  low  sensitivity 
end  the  Impossibility  of 
recording  vibrations  In 


a  region  of  frequencies  of  the  order  of  1-5  cps.  Therefore,  attempts  were  made  to 
devise  klnetocardlographlc  pickups  on  the  basis  of  pieso-elemante.  One  .of  the 
versions  of  this  type  of  pickup  is  shown  In  Fig.  12.  Work  was  later  conducted  on 
the  miniaturisation  of  this  pickup  with  the  use  of  pietoceramic  elements.  Figure  12 
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«t tm  *  pleioeeraaie  plain#  for  Un*tNM>il<|nB  recording  (deaignad  by  V.  I. 
feiyaker).  Thla  pickup  yrovidaa  on  output  signal  of  i«8  aillivoXta  in  a  frequency 
ImA  fmi  i  to  bo  opa  (taking  into  aoaount  the  eharaotariatiea  of  tha  antlra 
rao orbing  ohannel).  An  important  quality  of  platocaraaio  plokupa  ia  thair  insensi¬ 
tivity  to  ohangaa  in  huaddity  and  taaparature,  their  aaall-fiae,  and  aufflolant 
aaekanioax  etrengeh. 


~U — ~VJ — U - If 
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tl  A. 

C).  Selsao-kineto  and  phanoeardiogrea 

- the  uaa  of  various  filter*.  Figure  71A 

illuatrataa  aaiaaoeardlograa  (1),  kinetocardiogram  (2), 
and  phonocardiogyaa  (3)  recording*,  without  a  filter  and 
with  a  filter,  85-bO  epa  (a). 


Fig.  71  (A,  B, 
recording  with 
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Pig.  7 IB  Illustrate*  Klnetocardlogran  recording*  (1) 
In  frequency  range*  2-3.  cp*  (S)*.W  cp*  (2),  5-12  c 
(4),  14=25  cp* 


range*  2-3  cp*  (2)*  4- 
■  (5),  25-40  cp*  (4), 


7  cp*  (3). 
and  40-ow 


B-13  cp. 

=P»  (7). 
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Pig.  72.  Staples  of  kinetocardiograas  recorded  with  the 
eld  of  a  piazoceramlc  pickup  In  12  positions.  Figures 
designate  klnetocardiogram  waves  according  to  L.  B. 
Andreyev. 


When  considering  the  various  pickup  designs,  one  should  note  the  significant 
relationship  between  the  shape  of  the  curve  and  the  band  of  recorded  frequencies 

[684,  685]. 

The  Illustrated  curves  (Fig.  71A,  B,  C)  graphically  denanstrate  this  relation¬ 
ship. 

A  kineto-pickup  can  be  used  to  obtain  recordings  which  are  quite  similar  to 
seipmo-  and  physlocardlogrem  recordings,  especially  when  filters  at  frequencies 
above  15  cps  are  employed. 

It  is  difficult  to  select  points  for  attaching  a  kineto-pickup .  As  It  is 
known,  many  different  sites  have  been  suggested  for  recording  klnetocard log rams. 
Eddleman  (1955)  selected  points  which  correspond  to  the  1-6  chest  positions  that  are 
utilised  In  EKG  research  (these  points  are  designated  by  the  letter  K  with  a  figure 
indicating  the  number  of  the  position) ,  and  also  points  in  the  epigastric  region. 

In  the  center  under  the  right  and  left  costal  arches  (designated  as  BBC,  KER,  KEL) . 

L.  B.  Andreyev  [17]  proposes  four  positions: 

1)  the  fourth  intercostal  space  near  the  right  edge  of  the  sternum  (the  site 
where  the  atrium  dextrum  is  attached  to  the  chest  wall);  2)  tha  point  of  intersection 
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of  the  anterior  median  line  with  the  continuation  of  the  fourth  intercostal  space 
(the  sternum  acts  ae  a  unique  integrator  of  the  activity  of  all  sections  of  the 
heart);  3)  the  fourth  Intercostal  space  near  the  left  edge  of  the  ctemun  (the  site 
where  the  right  ventricle  is  attached  to  the  anterior  chest  wall);  4)  ths  region  of 
the  apex  beat  (left  ventricle). 

Figure  72  Illustrates  klnetocardlograa  staples  that  were  recorded  with  the  aid 
of  a  piesocerawle  pickup  in  all  the  Indicated  positions.  Concise  curves  wsre 
obtained  frea  points  2  and  4. 

Because  of  the  high  sensitivity  to  the  position  of  the  pickup  on  the  chest, 
kin  -looardlsgr&phy  is  net  very  suitable  for  investigations  under  conditions  of  space 
flight.  This  asthod  Is  axpsdlsnt  to  uss  for  pre-  and  postflight  examination  of 
astronauts  and  in  laboratory  experiments. 

Arterial  OsciUography  and  Sphygnography 

The  measurement  of  arterial  pressure  and  the  study  of  pulse  oscillations  of 
the  vascular  walls  pertain  to  traditional  cardiological  methods  and  are  extremely 
Important  for  evaluating  the  state  of  peripheral  blood  circulation  under  conditions 
of  space  flight. 

There  are  direct  and  Indirect  methods  for  measuring  arterial  pressure.  Direct 
methods,  when  the  measuring  Instrument  (manometer)  Is  directly  connected  to  the 
blood  vessel  through  a  cannula  or  a  catheter  (probe),  are  applicable  only  In 
itlcal  experiments. 

Indirect  methodB  are  suitable  for  the  conditions  of  space  flight. 

The  USSR  has  been  employing  the  oscillographic  method  which  was  devised  by 
Marey  (1876).  This  method  was  subsequently  Improved  by  different  authors. 
Considerable  use  has  been  obtained  by  the  tacho-oaciiiographic  method  developed  by 
N.  N.  Savitskiy.  The  methods  of  arterial  oscillography  are  based  on  the  recording 
of  pressure  oscillations  In  a  cuff  which  constricts  the  vessel.  In  the  case  of 
taoho-osclllography  the  speed  component  of  the  oscillations  is  recorded.  American 
apace  research  lias  been  using  an  audio  method  for  determining  arterial  pressure. 

A  special  microphone  is  employed  to  record  the  sound  phenomena  that  appear  during 
the  constriction  of  a  vessel. 

Arterial  pressure  was  measured  in  animals  by  using  a  compression  curf  placed 
on  the  carotid  artery,  which  was  exposed  by  a  skin  flap.  Since  the  volume  of  cuff 

* X 

was  small  (about  7  cm'},  pressure  was  created  in  it  by  an  automatic  piston-type 

device. 
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Fig.  73.  Arterial  pressure  recording,  a)  pressure 
curve  In  cuff j  b)  timing}  at  the  bottom  is  the 
oscillation  curve. 


Constructively,  this 
device  consists  of  a  metallic 
cylinder  with  a  carefully 
ground  piston.  The  volume  of 
the  cylinder  Is  calculated  in 
such  a  manner  so  that  a 
pressure  of  up  to  220  an  Hg 
Is  created  In  the  cuff  per 
stroke.  The  piston  moves  In 


the  cylinder  under  the  action  of  a  special  cam  which  provides  a  slow  (15-20  sec) 
build-up  of  pressure  in  the  cuff  and  a  fast  (2-5  sec)  drop  in  pressure.  The  cam  is 
dri  en  by  an  electric  motor  with  a  reduction  gear.  The  influence  of  changes  In 
pressure  and  temperature  of  ambient  air  is  counteracted  by  a  pneumatic  valve  which 
operates  at  a  pressure  of  220  mm  Hg  and  removes  pressure  from  the  compression  cuff 
regardless  of  the  cam's  position.  The  working  cycle  of  the  automatic  pressure 
control  was  equal  to  40  sec.  This  working  cycle  duration  waa  selected  from  a 
calculation  of  the  accuracy  of  the  oscillator  method  (±5  mm  Hg) .  At  a  minimum 
pulse  rate  of  6o  per  minute,  there  will  be  40  oscillations  on  the  recording  in 
40  sec,  which  corresponds  to  one  oscillation  per  every  5  mm  Hg,  The  pressure  in 
the  cuff  varied  linearly  and  was  converted  to  voltage  with  the  aid  of  an  electrical 
micromanometer.  Oscillations  were  recorded  by  means  of  a  piezoelecti'ic  pickup  and 
an  amplifier  (similar  to  the  EKG  type).  Pressure  and  oscillation  curves  were 
recorded  on  different  channels.  Minimum  and  maximum  arterial  pressure  were 
determined  by  marking  points  of  the  pressure  curve  which  correspond  to  the  moment 
of  the  beginning  of  the  increase  in  the  amplitude  of  the  oscillations  and  the 
moment  of  the  terainatlon  of  the  drop  in  their  amplitude  (73) .  The  cuff  was 
attached  to  the  carotid  by  a  special  collar  which  was  developed  by  0.  0.  Gozenko 
and  A.  A.  Gy  dshian  [82].  A  sensor  and  a  micromanometer  were  attached  to  the 


ollar. 


Before  a  flight  experiment  could  be  conducted,  special  training  with  a  skin 
t'J.np  opposing  the  carotid  was  required.  Without  training  with  the  flap,  the 
prolonged  location  of  a  cuff  on  it  caused  inflammation,  traumatic  damage  to  the 
skin,  and  abrasion.  The  training  consisted  of  gradual  increasing  the  duration  of 
leaving  a  cuff  on  animals  and  the  time  of  constricting  the  artery. 
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The  training  of  an  animal  to  wear  a  cuff  haa  a  known  valua  in  collecting 
sufficiently  clear  background  data.  Very  high  figures  are  usually  obtained  in  the 
first  pressure  measurement,  which  is  caused  by  the  orientating,  and  sometimes  the 
defensive,  reaction  of  the  animal. 

The  values  of  arterial  pressure  that  are  obtained  by  the  oscillator  method 
differs  somewhat  from  the  results  of  direct  measurements  [1*9]  but  can  ba  fully  uaed 

for  a  comparative 

— — IT  8 

*  w  *  I  1  1  *  pressure  In  animals 

Pig.  7*.  Measurement  of  arterial  prassure  in  a  finger.  which  we  obtained  with 
The  amount  of  pressure  le  determined  by  the  time  of  the 

beginning  and  end  of  the  oscillations.  Pressure  builds  the  described  method 
up  linearly  In  the  cuff  within  the  limits  of  0-220  tan  Hg. 

were  within  the  limits 


of  80-130  mm  Hg,  while  the  minimum  values  wsre  within  the  limits  of  30-60  mm  Hg. 

For  Investigations  of  arterial  pressure  in  humans.  Instruments  with  finger, 
shoulder,  and  hip  cuffs  were  tested  (Fig.  7*).  The  values  of  arterial  pressure  in 
the  digital  arteries  were  very  dynamic  and  depended  on  the  position  of  the  hand  to 
a  considerable  extent.  When  the  hand  is  raised,  the  pressure  decreases;  when  the 
hand  is  lower,  the  pressure  Increases.  Indeed,  a  similar  phenomenon  should  not 
occur  under  conditions  of  weightlessness;  however,  it  results  in  much  inconvenience 
in  all  background  recordings.  An  advantage  of  the  digital  method  is  the  simplicity 
of  the  pickup,  which  is  made  in  the  shape  of  a  ring.  The  entire  procedure  for 
measuring  arterial  pressure  amounts  to  inserting  a  finger  into  the  ring  and  turning 
on  an  automatic  device. 

During  the  "Voekhod"  flight,  the  arterial  pressure  of  the  crew  members  was 
measured  by  a  physician.  He  uaed  a  conventional  tonometer.  The  cuff  was  placed  on 
the  shoulder.  Maximum  and  minimum  pressure  was  determined  by  listening  to  Korotkoff 
tones. 

Arterial  preesure  in  a  human  brachial  artery  was  measured  in  the  American 
"Mercury"  space  flights  [788,  7§9].  A  microphone  was  placed  in  the  lower  part  of 
the  cuff,  which  turned  out  to  be  very  effective  from  the  point  of  view  of  noise 
immunity  &nu  sensitivity  of  the  measuring  system  [445], 

In  the  first  orbltsl  flight  of  J,  Glenn,  there  was  no  automatic  pressure 
control  and  the  astronaut  pumped  air  into  the  cuff  himself  with  the  aid  of  a  rubber 
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bulb  located  on  his  cheat.  Subsequent  flights  employed  automatic  pressure  control. 

A  pressure  curve  and  an  arterial  phone-oscillogram  were  recorded  on  one  telemetry 
channel. 

The  state  of  a  vascular  wall  can  be  evaluated  by  oscillations  or  tones  recorded 
in  the  process  of  measuring  arterial  pressure.  Thus,  the  height  of  tacho-osclllo- 
gram  waves  characterises  the  rate  of  change  of  the  volume  of  an  artery  or  tissue 
at  the  time  of  systole.  Maximum  oscillations  appear  when  the  pressure  in  the  cuff 
is  equal  to  the  mean  dynamic  pressure  in  the  artery.  The  amplitude  of  oecillatlone 
depends  to  a  definite  extent  on  the  magnitude  of  arterial  vascular  tonus. 

By  measuring  the  time  lag  of  the  beginning  of  the  oscillator  wave  with  respect 
to  the  first  tone  of  a  phonocardiogram  or.  in  an  axtrena  cats,  to  tha  R  wave  of  an 
elt :trocardlogram,  it  is  poaaible  to  investigate  the  speed  of  propagation  of  a  pulse 
wave  through  elastic-type  arteries.  When  a  second  cuff  is  placed  on  a  limb  farther 
away  than  the  first,  it  is  possible  to  measure  the  speed  of  tha  pulse  wave  through 
muscular  arteriea.  American  researchers  made  attempts  to  measure  tha  apeed  of  a 
pulse  wave  in  a  monkey  during  a  flight  experiment  on  a  "Jupiter"  ballistic  rocket; 
however,  information  was  not  obtained  through  this  measurement  channel  due  to 
malfunctions  in  the  equipment  [449,  481]. 

All  the  mentioned  methods  for  investigating  a  vascular  wall  are  varieties  of 
aphygmography,  one  of  tha  oldest  Instrumentation  methods  of  studying  tha  cixculatory 
system.  The  first  instrument  for  recording  arterial  pulse,  i.e.,  sphygmogram,  was 
created  in  1855  by  Vierordt  [131],  At  present,  many  different  kinds  of  pickups  have 
been  developed  for  converting  the  displacements  of  a  vascular  wall  into  electrical 
signals.  Piezoelectric,  tensometer,  capecltatlve,  and  other  pickups  are  being  used. 

In  conjunction  with  V.  I.  Polyakov,  we  developed  a  method  for  recording 
sphygmograms  in  dogs  [30],  which  was  applied  during  the  flight  experiments  on  tha 
fourth  and  fifth  Soviet  orbital  spacecraft.  The  body  of  a  cuff  for  maaaurlng  arterial 
pressure  In  the  oerotid  was  used  as  a  pickup.  A  tansolite  element  (tube  with  carbon 
powder)  or  a  piezo  crystal  was  placed  in  the  position  of  the  rubber  cuff. 


Th#  tMiollti  pickup  had  a  voltage  divider  circuit.  The  separating  capacitance 
together  with  the  RC  circuit  fora  a  simple  law- frequency  filter  which  Halts  the 
frwtueney  band  and  thereby  lowers  the  Interference  level.  A  filter  in  the  form  of 
•  capacitance  was  used  In  the  circuit  with  the  pieso  crystal. 

Plgure  75  Illustrates  a  sphygHOgriai  recording  that  was  obtained  under  condition* 
of  epoea  flight.  Due  to  the  tight  contact  of  the  pickup1 ■  perceiving  element  with 
the  veeeel.  cuff  sphypwsgraph  pickups  give  vary  stable  recordings.  Their  quality  is 
hardly  Influenced  by  animal  movements  and  even  vibrations. 

The  application  arterial  osclllogrephy  and  sphygaograph  made  it  possible  to 
Obtain  preliminary  data  on  the  Influence  of  weight leeeneee  on  peripheral  blood 
circulation.  A  lowering  of  arterial  pressure  in  the  dog  Strelka  wee  detected  in 
the  beginning  end  at  the  end  of  flight  [38].  Soma  hypotonia  under  conditions  of 
walghtlessness  and  aftar  flight  has  bean  notad  by  American  authors  [550]. 

These  data  to  a  certain  extant  confirm  the  apprehensions  with  rsspact  to  the 
inclination  towards  an  orthostatic  oollapoa  as  a  result  of  prolonged  hypodynamia 
during  submersion  in  water  or  under  conditions  of  weight laseneee  [470#  479#  k8o, 

550#  583,  58k].  On  the  other  hand,  a  lowering  of  arterial  pressure  can  be  the 
result  of  the  "unloading  reflex"  which  le  caused  by  lowering  the  requirements  of 
the  cardiovascular  system  under  conditions  of  welghtleaenesa  and  by  a  certain 
increase  in  tonus  of  the  vagus  nerve  [38,  270],  All  this.  In  the  end,  indicates 
the  necessity  of  developing  special  methods  for  Investigating  the  peculiarities  ol' 
peripheral  blood  circulation  in  flight,  and  especially  vascular  tonus. 
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The  significant  achievements  of  space  cardiology  to  a  larger  extent  were 
brought  abeuty  by  the  development  of  appropriate  physiological  method*  and  their 
application  In  flight  experiments. 

The  data  obtained  made  it  possible  to  estimate  basically  the  qualitative  side 
of  certain  reaction*  of  the  cardiovascular  system  and  also  demonstrated  the 
necessity  of  further  development  of  cardlologleal  methods. 

Special  attention  is  deserved  by  the  study  of  the  possibilities  of  evaluating 
the  state  of  peripheral  blood  circulation  einca,  with  respoct  to  cardiac  activity, 
a  definite  amount  of  material  has  been  accumulated,  and  a  more  detailed  Interpretation 
or  it  requires  data  on  such  important  hemodynamic  indices  as  the  minute  volume,  the 
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mean  dynamic  pressure,  and  the  peripheral  resistance.  In  apace  flight  It  is  possible 
to  employ  only  indirect  methods  for  determining  these  indices.  Indeed,  direct 
measurements  in  anlmalB  are  possible  with  t.he  aid  of  different  types  of  pickups. 
American  researchers  plan  to  set  up  a  special  flight  experiment  to  study  the 
hemodynamic  indices  of  primates  [594],  They  propose  to  record  arterial  and  venous 
pressure,  and  the  general  work  of  the  heart. 

Hemodynamic  research  on  humans  under  flight  conditions  is  very  difficult. 

The  separation  of  a  medical  research  system  for  periodic  recording  of  given 
parameters  under  conditions  of  rest  facilitates  the  task  to  a  certain  extent.  It 
j  .  ~ o coming  possible  to  employ  many  methods  which  at  present  could  not  be  used  on  a 
■sjnueshlp.  The  development  of  new  methods  Is  closely  related  to  the  creation  of 
new  radio-electronic  equipment,  new  pickups,  and  the  coordination  of  the  obtained 
physiological  information  with  the  carrying  capacity  of  the  telemetry  channel*  and 
the  capacity  of  the  memory  units. 

Let  us  consider  certain  methods  that  have  been  developed  in  reference  to 
conditions  of  space  flight  or  suitable  for  use  on  a  spaceship  without  essential 
modification. 


One  of  the  promising  methods  of  space  cardiology  obviously  is  electroplethyemo- 
graphy.  An  electroplethysmogram  1b  a  curve  that  deflects  the  oscillations  of 
electrical  resistance  of  tissues  which  are  caused  by  t ran a locations  of  the  blood. 
Since  the  electrical  conductivity  of  tissues  is  a  little  lower  than  that  of  the 
blood,  the  blood  flow  is  accompanied  by  a  decrease  in  its  overall  resistance  and  an 
increase  in  its  shifting. 

Electroplethysmography  is  known  in  two  variations  in  the  form  of  rheography, 
which  was  developed  in  1945  by  Poltser,  Marco,  and  Holtser,  and  in  the  fora  of 
dielectrography,  the  authors  of  which  are  Ateler  and  Lahmann  L i938 ] . 

In  both  cases  the  measurements  are  based  en  the  application  of  high  frequency, 
but  rheography  Is  used  to  investigate  chiefly  the  changes  In  the  ohmic  component  of 
the  Impedance  of  living  tissues,-  and  dielectrography  Is  employed  to  study  the 
capacitance  component  [144,  135,  1?8,  489], 

The  most  effective  is  the  application  of  electroplethysmography  for  research 
on  c-ereoral  b-Locd  circula  tion  sines  under  the  influence  of  *  modified  gravitational 
field  (0  loads,  weightlessness)  there  is  observed  a  redistribution  of  the  blood; 
the  central  nervous  system  can  then  be  under  unfavorable  conditions.  It  Is  quite 
possible  that  the  value  of  hemodynamic  disorders  In  the  brain  for  explaining 
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vestibular-vegetative  disorders  ebserved  in  different  flights  la  minimised  since 
there  la  no  direct  information  on  the  state  of  the  cerebrel  blood  circulation  under 
the  condition#  of  outer  space. 

In  1961-1968,  jointly  with  ru.  re.  Moskalenko  end  0.  Q.  Qasenko,  we  developed 
an  elactroplethysmogrephy  method  in  reference  to  research  on  cerebral  biooa 
circulation  under  the  condltlone  of  a  modified  gravitational  field  [180].  Intra¬ 
cranial  elactroplethysmo- 
grama  were  recorded  in 
animals  with  the  use  of 
is^lapted  electrode# , 

These  electrodes  are 
Plexiglas  plug#  with  a 
silver  plate,  and  are 
screwed  into  trepanation 
holes  until  contact  with 
the  dura  mater.  Vires  from  the  electrodes  In  polyethylene  Insulation  are  passed 
under  the  shin  and  drawn  out  on  the  back  or  occiput  of  the  animal. 

Intracranial  alectroplethysmograme  wera  recorded  with  the  use  of  a  portable 
Instrument  designed  by  Yu.  Ye.  Moskalenko  which  was  caapletely  transistorised. 
Measurements  were  conducted  at  a  frequency  of  50  kilocycles  with  carrier  amplification 
and  signal  detection  at  tha  output.  The  instrument  recorded  hot;  slow  and  fast 
oscillations  of  resistance.  Research  was  conducted  on  an  intracranial  electro- 
plethyamogram  of  a  dog  during  the  action  of  an  overload  In  tha  haad-to-pelvis 
direction.  Figure  76  shows  the  result  of  one  of  the  experiments.  As  can  be  seen, 
from  the  beginning  of  rotation  to  the  moment  of  achieving  an  overload  equal  to  1  G 
there  were  observed  separate  oscillations  of  intracranial  impedance  which,  possibly, 
reflected  the  processes  of  the  compensator  adaptation  of  cerebral  blood  circulation 
to  the  action  of  accelerations,  when  the  overload  was  increased  above  1  a,  a 
distinct  growth  in  intracranial  Impedance  was  noted,  which  indicated  a  decrease  in 
the  blood  supply  to  the  cranium.  Of  interest  is  an  elactroplethysmcgram  of  the 
head  which  was  obtained  by  placing  the  electrodes  on  temporal  rsgions  [Fig.  77]. 

When  the  head  is  flexed,  a  decrease  in  resistance  which  corresponds  to  the  flow  or 
blood  to  the  brain  le  noted.  The  value  of  rheography  in  research  on  cerebral  blood 
circulation  has  bean  noted  by  many  authors  [147.  179.  545.  580,  589]}  howsvar, 
similar  Investigations  in  animals  can  also  employ  other  methods 1  e.g. ,  thermoelectric 


Fig.  76.  Intracranial  electroplethyemograa  of  a  dog 
during  the  action  of  an  overload  along  tha  "heed-to- 
pelvls"  axis  (the  magnitude  of  the  overload  la  0*8  Is 
shown  on  the  bottom) . 


-206- 


Timing  1  Ml 

nmmtHHiHt  iHiinti  . . . 


Iwri'lth*  the 
hfl’i 


nr4l fuming  tin 
h*4'i 


rig.  77.  Intracranial  electroplethysmogram  of  a 
human  during  inclination  and  straightening  of  the 
head. 


watnoda  ru  »  i^aantoa 
thermotitments  [140,  169,  556]. 
Elect roplathyamography  in  a 
human  la  probably  the  only 
method  of  studying  the  blood 
auppiy  to  the  brain  which  ia 
applicable  under  conditions 
of  apace  flight. 


Valuable  information  can  be  obtained  with  the  uae  of  electroplethyemography 
for  an  analysis  of  peripheral  blood  circulation  in  the  extremities,  Various  methods 
have  been  developed  for  studying  arterial  end  venoue  circulation  [6lt  105.  668]. 

It  c  possibilitiea  of  employing  electroplethysmography  for  evaluating  vaacular  tonua 
ari'i  arterial  pressure  are  being  investigated  [408,  663,  555,  769). 

According  to  Ye.  G.  Potapova,  the  application  of  rhso vasography  in  prsssurs 
chamber  teats  has  mads  it  possible  to  detect  curve  change*  in  individual*  with 
vegetative  instability  at  altitudes  of  8000  m,  while  no  changes  were  detected  on 
the  part  of  the  electrocardiogram  or  arterial  pressure  [818]. 

An  important  diagnostic  value  la  given  to  pectoral  and  abdominal  electro¬ 
plethysmography  [645].  In  conjunction  with  A.  Ye.  Baykov,  w*  developed  e  method 
of  pectoral  electroplethyemography  with  the  use  of  additional  electrodee  mounted 
in  the  chest  harness  of  an  astronaut  [see  Fig.  51].  An  Instrument  deelgn  by  R,  I. 
Utyamyshev  was  UBed,  which  recorded  the  faet  (pulBe)  components  of  the  electro- 
plethyamogram  in  a  frequency  range  of  0.5-40  cps. 

The  pectoral  electropletliyeaogram  in  the  C9C^  lead  has  a  rather  complicated 
structure.  It  makes  It  possible  to  estimate  the  phases  of  the  cardiac  cycle,  the 
speed  of  expulsion,  and  to  indirectly  Judge  the  beat  volume.  A  pectoral  plethyamo- 
gram  was  recorded  with  the  breath  held  at  inhalation  and  expiration  since  the 
respiratory  oscillations  a  few  times  exceed  the  pulse  oscillations  (Fig.  78) .  The 
same  figure  shows  a  volume  kinetocardiogram  that  was  obtained  with  the  aid  of  a 


sensitive  carbon  pickup  while  the  breath  was  held. 

Pulse  oscillations  also  can  be  recorded  by  measuring  the  oscillations  of  an  air 

column  in  air  passages.  This  method  is  called  pulmocardiography.  It  was  developed 
in  the  USSR  by  Ye.  N.  Luk'yanov  [163].  Figure  79  ehows  a  schematic  pulmocardiogram 
together  with  a  kinetocardiogram.  As  can  be  seen  from  the  figure,  the  pulmo¬ 
cardiography  method  will  make  It  possible  to  estimate  the  phases  of  the  cardiac 
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Ojrele  with  sufficient  accuracy,  From  tha  point  of  view  of  its  operation,  the 
pulaocardiograph  la  vary  suitable  for  application  In  medical  research  eyatems  on  a 
spaceship.  To  obtain  a  recording,  it  la  neoeaaary  to  place  the  mouthpiece  of  an 
air  duet  In  the  mouth  end  accomplish  alow  end  smooth  expiration  through  tha  air  duct 
and  the  sensor  cavity.  The  pulmocardlography  sensor  can  be  modified  for  complex 
memsureaMnt  of  parameters  of  heart  activity,  external  respiration,  and  heat 
regulation  (a  thermistor  is  pieced  in  the  oral  cavity). 
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Pig,  78.  Pectoral  elsctrcplethysaegraa  (BITTr)  [EPG_) 

ft 


during  untroubled  breathing  and  when  holding  the  breath, 
8KT  )  electrocardiogram]  GKT )  seismocardiogramj  FIT) 
pneumogram.  A  carbon  respiration  eeneor  recorde  the 
volume  kinetocardlogram  (KKTo)  [KKOo]  when  the  breath 
is  held. 
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A  large  value  Is  given  to  research  on  peripheral  blood  circulation.  The 
development  of  the  various  methods  and  instruments  for  measuring  arterial  pressure 
in  humans  [482,  477,  108,  671,  536,  303]  and  in  animals  £422,  441,  127,  721,  666, 


229}  la  the  subject  of  a  great  deal  of  literature. 
Lees  attention  is  given  to  questions  on  the  study 
of  vascular  tonus  £9l).  They  are  partially 
considered  In  monographs  by  V.  V.  Orlov  £167]  and 
N.  1.  Arlnchln  tSl]. 

Special  interest  Is  aroused  by  the  development 
of  methods  for  studying  the  venous  tonus  of  thoas 


Kip.  79.  Pulmocardiogram  (b) 
hronousiy  rscorded  with  a 
Klnitocardlogram  (a)  and  an 
e 1  * : t  rocardlogram  ( c ) . 


regions  where  blood  deposition  Is  possible.  One 
of  the  most  accessible  portions  of  the  venous 
system  for  research  ie  venous  network  of  the  lower 


extremities. 


At  the  suggestion  of  A.  M.  Qenln,  we  developed  a  measuring  system  for  studying 
arterial  pressure  and  vascular  tonus  of  the  lower  extremities.  The  system  includes 
a  femoral  compression  cuff  and  a  p lathy smographlc  sensor  which  is  placed  on  the 
knee.  The  femoral  cuff  la  used  to  control  the  blood  flow  In  the  lower  extresiitiee 


and  to  measure  arterial  preasure.  This  Is  a  simplified  system  in  which  only  pulse 
oec Illations  of  the  plethysmographlc  curve  are  recorded.  Vascular  tonus  Is 
evaluated  by  the  pressure  difference  in  the  first  and  second  measurement  [91]  or  by 
t'ne  difference  in  compression  and  decompression  pressures  [21]. 


A  more  detailed  study 
of  peripheral  blood  circulat;on 
Involves  the  use  of  N.  X. 
Arlnchln* s  method.  It  makes 
It  possible  to  evaluate  the 
venous  vascular  tonuB. 

N.  I.  Arlnchln* e  method 
[21]  Is  based  on  the  recording 


„  of  volume  changes  of  an 

Pig.  80.  Diagrams  for  determining  venous  tonus. 

A)  measurement  of  the  increaae  of  volume  (H)  with  extremity  during  a  gradual 

the  Increase  of  pressure  in  the  constriction  cuff 

from  u  to  ov  duo  ngj  B]  measurement  or  vo-iume  increase  or  pressure  in  a 

increases  with  the  gradual  Increaae  of  pressure; 

1  -  plethysmogrem;  2  -  pressure  in  cuff  (according  cuff  that  is  worn  proximal  t>> 
to  V.  V.  Orlov). 
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tto  investigated  portion.  The  measure  of  venous  tonuo  In  this  cot*  io  tho  height 
to  ehlch  tho  p lethy enogrephl c  curve  rlooo.  Ho-ver,  the  onount  of  blood  contained 
by  the  venous  reservoir,  end  eloquently,  the  height  of  plsthysmographic  curve, 
4op«id  on  the  rate  of  blood  flow  and  the  speed  of  constricting  the  arteries, 
therefore,  the  nor*  correct  method  1*  the  one  based  on  the  riee  of  pressure  to  a 
specific  Magnitude,  e.g.,  *0-60  »  Kg,  and  MasureMnt  of  the  m*imm  haight  to 
which  tho  plethysaographlc  curve  rises.  According  to  available  data,  the  maximum 
riaa  occurs  15-30  sec  aftsr  ths  veins  are  constricted.  The  method  of  gradually 
incraaalng  tha  pressura  la  even  more  exact.  Hare,  tha  increase  in  the  height  of 
rise  does  not  depend  on  the  initial  venoue  praasure  (see  Pig.  80). 


CHAPTER  8 

RESEARCH  ON  THE  EXTERNAL  RESPIRATORY  FUNCTION 

External  respiration  is  the  exchange  of  gaseous  constituents  between  the 
external  air  and  the  blood  in  the  pulmonary  capillaries.  Changes  In  the  external 
respiratory  function  occur  in  various  states  which  are  involved  both  with  changes 
in  the  gas  composition  of  the  external  medium  (an  increase  in  the  carbon  dioxide 
content,  a  decrease  in  the  oxygen  content)  and  are  also  caused  by  pathological 
shifts  as  a  result  of  extreme  influences  of  various  character  (O-loadB,  hyperthermia) . 
The  function  of  the  external  respiratory  system  Is  closely  related  to  the 
circulatory  and  he at -regulation  systems,  and  also  the  central  nervous  system  [106, 
170]. 

The  indices  of  external  respiration  can  be  divided  into  three  groups  (JOJ): 

1)  indices  which  characterize  external  respiration  on  the  "external  air-alveolar 
air"  3tage.  The  frequency  and  rhythm  of  respiration,  lung  volumes  (vital  capacity 
of  lungs  and  others);  2)  indices  which  characterize  external  respiration  or.  the 
"alveolar  air-blood  in  pulmonary  capillaries"  stage;  composition  of  alveolar  air, 
amount  of  oxygen  absorbed,  quantity  of  carbon  dioxide  eliminated,  and  others;  3) 
indices  which  characterize  the  gases  in  the  arterial  blood:  the  percent  of  oxygen 
saturation  of  the  blood,  its  carbon  dioxide  content,  and  others. 

It  Is  very  difficult  to  carry  out  a  complicated  sequence  of  functional  investi¬ 
gations  under  the  conditions  of  space  flight  especially  those  whose  purpose  is  to 
study  the  indices  of  the  second  and  third  group.  Therefore,  prime  attention  la 
presently  being  given  to  the  recording  of  external  respiration  indices  which  are 
related  to  the  respiratory  rate  and  rhythm  and  the  lung  volumes  [106].  The 
following  methods  can  be  used  for  investigating  the  values  of  these  Indices: 
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«)  pnwBjwply  -  recording  the  changes  in  the  chaat  perimeter  [303  .  6^9] ;  b) 
•ftrography  -  recording  tha  volumes  of  inha lad  and  axhalad  air  [24o,  260,  664]; 
c)  pneumot echography  -  racording  tha  ehangaa  in  tha  rata  of  inhaled  and  exhaled  air 
(165*  206  ,  346];  d)  recording  tha  changes  in  tha  intrapleural  or  Intratracheal 
pleasure  [444];  a)  recording  the  changes  in  electrical  resistance  of  the  chest 
(laps dance  pneumography)  [444,  557] J  f)  recording  tha  biopotentials  of  th«  resplra= 
tory  muscles  (275*  276,  426,  506,  535];  g)  racording  the  Mechanical  translocations 
of  the  bogy  that  are  caused  by  respiratory  movements  [39] ;  h)  racording  pressure 
oscillations  related  to  respiration  in  a  pressure  chamber  [319]. 

From  the  rather  considerable  nuaber  of  methods  it  is  possible  to  note  those 
uhich  are  absolutely  unacceptable  for  space  flight  conditions  (g)  and  also  those 
which  are  unsuitable  for  tha  investigation  of  huaans,  but  can  be  used  in  experiments 
with  animals  (d).  Many  of  the  asthods  can  be  used  with  soon  modification  for 
investigations  on  a  spaceship. 

Inasmuch  as  tha  aaln  task  in  tha  firat  space  flights  was  medical  monitoring, 
respiration  was  recorded  by  tha  simplest  method,  i.e.,  pneumography.  The  short* 
comings  of  tha  pneumographic  method  are  wall  known t  the  impossibility  of  moni¬ 
toring  tha  depth  of  respiration,  the  significant  dependence  of  the  character  of 
the  recordings  on  the  method  of  attaching  the  senaor,  and  the  interference  during 
pneumogram  recording  which  is  related  to  the  movements  of  the  subject  and  conver¬ 
sations. 

In  the  process  of  preparation  for  the  flight  experiments  on  the  "Vostoks" 
diverse  variations  of  sensors  for  pneumography  were  tested,  including  sensors  based 
on  the  piezoelectric  effect,  wire  potent loss tsr,  and  tensoaeter  circuits.  All  of 
them  turned  out  to  be  unsuitable  either  because  of  their  bulkiness  or  due  to  the 
necessity  of  creating  a  special  measuring  and  amplifying  circuit.  From  the  point 
of  view  of  simplicity  and  economy,  the  most  useful  device  turned  out  to  be  a  carbon 
sensor  made  in  the  form  of  a  rubber  tube  filled  with  carbon  (microphone)  powder. 

In  its  nonexpanded  state,  this  sensor  has  a  resistance  within  the  limits  of 
100-500  ohms.  When  expanded,  its  resistance  is  Increased  to  several  thousand  ohms. 
Its  sensitivity  can  reach  over  ten  ohms  per  on  of  movement.  However,  carbon 
sensors  are  nonlinear.  Their  sensitivity  changes  depending  upon  the  magnitude 
of  initial  expansion  (see  Fig.  9).  The  suitability  of  these  sensors  for  respiration 
recording  is  determined  by  the  fact  that  pneumography  practically  investigates 
only  the  respiratory  rate  and  rhythm,  while  the  depth  of  respiration  cannot  be 
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recorded  by  this  method.  Thus,  the  nonlinearity  of  the  carbon  sensor  does  not 
prevent  its  application  for  pneumography. 

To  measure  respiration  under  space  flight  conditions,  the  carbon  sensor  is 
attached  to  the  chest  harness  in  such  a  way  that  it  expands  together  with  the  rubber 
inserts  during  respiration.  The  sensitivity  of  the  sensor  depends  on  the  following 
methodological  factors:  selection  of  the  site  for  attaching  the  sensor}  elasticity 
of  the  rubber  inserts;  initial  magnitude  of  expansion  of  the  sensor. 

It  is  clear  that  such  phenomena  S3  displacement  of  the  harness  in  flight, 
weight  loss  and  weight  gain  of  the  astronaut,  and  the  pressure  of  the  clothing  or 
space  suit  on  the  sensor  can  lead  to  a  lowering  in  the  sensitivity  of  the  sensor 
and  even  to  a  complete  cessation  of  recording.  Therefore,  the  careful  installation 
a;r.  individual  fitting  of  the  respiration  sensor  take  on  an  important  value  in  the 
nro-ess  of  flight  preparation. 

Another  type  of  sensor  for  pneumography  is  called  the  contact  sensor.  It  is 
based  on  the  closing  and  opening  of  an  electrical  circuit  with  the  aid  of  a 
microswitch  that  is  controlled  by  a  caprone  cable.  The  contact  sensor  is  actuated 
every  time  the  caprone  cable  changes  the  direction  of  its  motion;  the  cable  is 
attached  to  the  chest  harness  at  the  end  of  the  rubber  insert  opposite  the  sensor. 
Square  pulses  are  recorded  which  correspond  to  Inhalation  and  expiration.  Prom 
the  point  of  view  of  reliability,  the  contact  Bensor  is  preferable  to  the  carbon 
sensor  since  its  work  is  not  distrubed  when  the  initial  tension  of  the  harness  1b 
changed. 

Both  types  of  sensors  were  used  in  the  "Vostok."  flights.  The  carbon  sensor 
operated  with  a  transistorized  amplifier  that  had  an  amplification  factor  of  about 
20  and  a  frequency  range  from  0.1  cps  to  40  cps.  This  channel  was  connected  to 
the  main  telemetry  system  and  the  on-board  memory  unit.  The  contact  respiration 
sensor  was  used  to  monitor  the  respiratory  rate  in  the  decent  phase  after  ejection, 
hecording  was  performed  by  a  eelf -contained  recorder  which  waB  located  in  the 
pilot's  [NAZ]  (HA3).*  A  sample  of  a  respiration  recording  which  was  obtained  with 
the  aid  of  a  monitoring  sensor  during  the  descent  of  astronaut  P.  R.  Popovich 
is  illustrated  in  Fig.  81. 


•Tran.  Ed.  Note:  This  abbreviation  is  not  explained  in  the  text.  It  may 
possibly  denote  "automatic  recording  set"  or  "personal  (individual)  recording 
equipment. 


215- 


Fit.  81.  Pneumogram  recording  by  a  contact  sensor  for 
astronaut  P.  R.  Popovich  Curiae  his  parachute  descant 
after  ejecting  frou  the  spacecraft  cabin  (tg  -  duration 
of  respiratory  cycle). 

On  the  pneuaograa  recorded  by  the  carbon  sensor  it  is  easy  to  differentiate 

* 

the  respiratory  notions  from  conversation  and  other  notions  (Fig.  82) . 

jijw  v_n_ 

Fig.  82.  Recording  of  a  pneuaograa  [PO]  (lU*)  during 
a  conversation. 

Recording  of  respiratory  motions  in  animals  was  accomplished  with  the  use  of 
a  special  be3h  with  tsnaolite  and  contact  sensors.  Elastic  inserts  were  sewn  into 
the  belt  in  such  a  way  that  an  Increase  of  the  perismter  of  a  dog's  chest  at 
inhalation  and  a  decrease  at  expiration  caused  strengthening  and  weakening  of  the 
tension  of  a  rubber  tube  containing  carbon  powder.  When  the  belt  was  being  designed, 
measures  were  taken  to  standardize  the  tube  tension  with  the  aid  of  a  special 
functional  diagram.  The  sensor  was  placed  in  a  box  made  from  organic  glass.  This 
Increases  the  operational  qualities  of  the  sensor,  facilitates  its  adjustment  on 
the  animal,  and  ensures  the  absence  of  distortions  involved  connected  with  the 
location  of  sate rial  over  the  sensor. 

Of  importance  in  the  investigation  of  animals  was  the  correct  installation  of 
«ht  belt  with  the  respiration  sensor.  Re«nirmtpry  motions  in  dogs  are  the  most 
expressed  In  the  abdominal  region.  However,  the  installation  of  an  abdominal  belt 
Is  impossible  due  to  impairment  of  ihe  functional  state  of  the  animals  when  the 
abdominal  organs  are  compressed.  Therefore,  the  fitting  of  belts  with  respiration 
sensors  required  tedious  work  on  the  selection  of  the  most  successful  sites  for 
Installing  a  belt  in  the  sense  of  obtaining  the  highest  recording  amplitude.  The 
necessity  of  obtaining  a  sufficiently  high  recording  amplitude  was  caused  by  the 
fact  that  the  tensollte  sensor  was  included  in  the  recording  circuit  without  cut 


amplifying  channel.  Due  to  this,  the  sensitivity  and  frequency-response  curve  of 
the  pneumogram-recordlng  system  were  determined  by  the  sensor  and  the  telemetry 
system.  It  is  interesting  to  consider  certain  Indirect  methods  of  monitoring  and 
research  on  respiration  on  the  basis  of  the  results  of  telemetry  measurements  in 
flight. 

An  electrocardiogram  is  a  good  indicator  of  respiratory  motions.  Changes  in 
the  tonus  of  the  vagus  nerve  during  respiration  lead  to  changes  in  the  functions  of 
automatism,  excitability,  and  conduction.  The  duration  of  Intervals  la  Increased 
at  inhalation.  The  respiratory  arrhythmia  is  quite  clear  in  dogs.  In  addition, 
the  respiratory  motions  of  the  diaphragm  affect  the  position  of  the  heart  in  the 
chest.  This  leads  to  a  change  in  amplitude  of  the  electrocardiogram  waves.  For 
iiu/ance,  in  the  1st  lead,  at  inhalation  the  R  waves  decrease,  and  increase  at 
(..''.’..alatlon.  The  selsmocardlogram  also  changes  during  respiration.  At  inhalation, 
due  to  the  intensive  flow  of  blood  to  the  right  ventricle,  the  speed  of  expulsion 
is  increased  and  the  amplitude  of  the  first  cycle  io  increased.  The  second  cycle 
usually  decreases  due  to  blood  deposition  in  the  vascular  channel  of  the  lungs. 

The  duration  of  oscillatory  cycles  also  changes.  Respiration  also  can  be  s»nltored 
according  to  other  parameters:  by  a  phonocardiograo,  sphygmogram,  or  electro- 
myogram. 

American  apace  research  has  been  using  different  methods  for  recording  respira¬ 
tion:  pneumography  (a  rubber  tube  containing  a  copper  sulfate  solution), 
pheumotachography  (a  variation  with  a  heated  thermistor  which  is  attached  in  the 
form  of  a  microphone  in  the  flow  of  exhaled  air),  and  Impedance  pneumography 
(measurement  of  the  electrical  resistance  of  the  chest). 

The  method  of  impedance  pneumography  was  applied  during  the  flights  W.  Schirra 
and  G.  Cooper  [788].  According  to  American  authors,  the  respiratory  changes  in 
impedance  when  the  electrodes  are  placed  in  the  6tn  intercostal  space  on  the  left 
and  on  the  right  along  the  midc lavicular  line  are  directly  proportional  to  the 
magnitude  of  pulmonary  ventilation  [557]. 

There  is  a  report  on  a  miniature  impedance  pneumograph  to  be  placed  the 
astronaut's  clothing  (632];  Its  size  is  13  x  5^  x  34  cm,  and  its  weight  is  125  g. 

It  is  interesting  to  note  that  the  American  researchers  have  developed  special 
barrage  filters  to  decrease  the  number  of  electrodes  on  the  astronaut's  body: 
these  filters  permit  the  recording  of  an  electrocardiogram  and  an  Impedance 
pneumogram  from  the  same  electrodes.  The  filters  are  tuned  to  the  frequency  of  the 
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pneumograph  oscillator  and  ara  connected  at  tha  Input  of  tha  IKO  amplifier  [44?]. 

Tits  method  of  impadancs  pneumography  has  definite  advantages  over  the  other 
methods  which  denot  Involve  the  uae  of  a  mask  In  tha  eanae  of  the  possibility  of 
a  quantitative  estimate  of  pulmonary  ventilation;  however,  it  la  not  suitable  for 
prolonged  investigations  (acs  abova). 

tt»s  study  of  reaplratlon  in  apace  flight  according  to  pneumography  data  la  of 
interest  both  to  ths  physicians  that  monitor  the  astronaut's  state  in  the  course 
of  a  space  flight  and  also  to  scientific  research  on  the  Influence  of  flight  factors 
on  the  respiratory  system.  From  the  point  of  view  of  monitoring,  the  very  fact 
of  tha  praasnce  of  reaplratlon  signals  Indicates  the  preservation  of  vital  functions. 

There  is  a  report  on  the  use  of  an  "electronic  attendant"  instrument  which 
monitors  neonatal  respiration  and  sends  out  a  warning  signal  in  the  event  of 
respiratory  failure  [*12].  A  special  monitoring  device,  l.e.,  a  self-contained 
respiratory  recordar,  which  waa  actuatad  at  the  moment  of  capsule  ejection,  wes 
employed  during  the  animal  flight  on  the  second  Soviet  orbital  spacecraft.  This 
device  waa  Intended  for  accurately  determining  the  moment  of  respiratory  failure 
in  the  event  of  the  appearance  of  any  unforeseen  extreme  Influences.  As  we  Know, 
Belka  and  Strelka  were  returned  to  Earth  alive  and  unharmed,  and  the  Belf -contained 
recorded  played  only  a  prophylactic  role. 

The  re-plratory  responses  during  the  action  of  accelerations  make  It  possible 
to  evaluate  the  state  of  animals  or  humans  [686,  702].  and  they  indicate  the  degree 
of  adaptation  of  the  organism  under  weightless  conditions.  This  could  Indicate  a 
possible  decrease  In  pulmonary  ventilation  and  metabolism;  however,  for  such  a 
conclusion  necessitates  more  direct  variations  of  the  parameters  of  external 
respiration. 

Two  grou  of  instruments  can  be  used  to  estimate  the  respiratory  minute 
volume,  the  vi  i  capacity  of  the  lungs,  the  depth  of  inhalation,  and  other  indices 
related  to  a  change  in  the  lung  volumes;  instruments  which  require  the  installation 
of  a  sensor  in  th*  flow  of  exhalad  air  and  instruments  which  are  not  involved  with 
this  requirement.  Instruments  of  the  first  group  —  spirographs  and  pneumotacho¬ 
graphs  -  have  obtained  the  widest  application.  Spirographs  are  designed  with  the 
uso  of  the  various  principles  of  converting  air  volumes  into  electrical  signals. 

One  of  the  simple  methods  Is  the  aneaometric  procedure:  the  exhaled  air  revolves 
a  light-weight  turbine  which  is  connected  to  an  electrical  converter  [256]. 

Figure  83  illustrates  a  sample  of  a  spirogram  that  waa  recorded  by  an  impeller 
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Fig.  83.  Recording  pulmonary  ventilation  with  an 
anemometrlc  Impeller  pickup  [LV]  (JIB)  synchronously 
with  a  pneumogram  [ PO J  (nr). 


pickup  dealgned  by  the  SKTB  (Special  Technological  Design  Bureau)  "Bloflzpribor." 

A  pneumotachogram  la  obtained  for  recording  the  speed  of  the  air  flow.  This 
method  has  many  modifications  and  uses  of  different  types  of  pickups.  The  universal 
; motachogram  that  Is  mass-produced  by  VNIIMIXO  uses  an  optical  recorder  with  a 
dii Verential  manometer,  and  Its  pickups  consist  of  a  hollow  tube  with  a  diaphragm 
or  a  cylinder  with  a  plate  that  is  mounted  in  the  flow  of  air,  which  creates  a 
certain  resistance  (206).  There  also  are  pneumotachographs  with  electrical  conver¬ 
ters  (348).  Bartlett  [301]  has  proposed  a  new  method  for  evaluating  respiration 
by  means  of  the  speed-volume  loop  which  is  formed  as  a  result  sending  signals  rrom 
a  pneumotachograph  to  an  oscillograph  screen  (one  directly  from  the  Instrument, 
another  integrated) ,  The  method  makes  It  possible  to  Investigate  numerous  Indices 
of  external  respiration.  Clinical  data  Indicate  the  diagnostic  effectiveness  of 
the  method.  The  obtainment  of  a  "volume-speed"  loop  requires  a  total  of  one 
telemetry  channel  since  the  volume  curve  cam  be  synthesized  from  a  pneumotachogram 
on  Earth. 

From  the  other  methods  of  investigating  external  respiration,  attention  la 
deserved  by  the  electromyographic  methods.  L.  L.  Shlk  [276]  pointed  out  the 
presence  of  a  dependence  between  the  amplitude  of  currents  of  the  action  of  inter¬ 
costal  muscles  and  the  depth  of  inhalation.  Many  authors  are  using  this  method 
to  monitor  respiration  in  animals  and  humans  [426,  508,  535). 

Of  special  Interest  to  space  physiology  are  the  possibilities  of  evaluating 
the  Indices  which  characterize  the  composition  of  inhaled  and  exhaled  air  and  the 
gases  in  the  arterial  blood. 

There  are  many  bulky  and  complicated  stationary  instruments  for  evaluating  the 
gas  composition  of  exhaled  air.  Of  the  miniature  instruments,  the  widest  application 
has  been  obtained  by  instruments  based  on  the  ultrasonic  method  of  determining 
carbon  dioxide  content  [564,  737]  and  the  polarographlc  method  of  determinating 
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oxygen  eon tent  [7%2,  124] .  An  electrolytic  method  for  determining  oxygen  con¬ 
traction  in  small  animals  alto  hat  been  developed  [322].  Some  application  for 
measuring  carbon  dioxide  hat  been  obtained  by  pickups  which  operate  on  the  principle 
of  the  difference  in  themal  conduction  of  air  and  carbon  dioxide.  The  pickup 
esnelete  of  a  balanced  bridge  aade  fro*  heated  platinum  element!  (resletore)  placed 
on  the  ducts  of  exhaled  air.  The  appearance  of  carton  dioxide  caueea  disbalance 
of  the  bridge  [89].  With  an  appropriate  degree  of  heating  the  platinum  elements, 
this  bridge  also  can  be  applied  for  oxygen  measurements.  According  to  Vlsser  [762], 
a  pickup  that  la  made  from  four  platinum  wires  6  cm  long  end  20  microns  thick 
possesses  a  sensitivity  of  0.1  mv  per  i %  of  oarbon  dioxide  when  heated  to  50°c 
and  1  mv  per  1)1  of  oxygen  when  heated  to  400°e . 

One  of  the  possible  variations  of  investigating  the  gas  composition  of  air  by 
mane  of  taking  samples  followed  by  their  analysis  undsr  laboratory  conditions 
should  also  be  pointed  out. 

Oxygen  saturation  of  the  blood  under  the  conditions  of  space  flight  can  be 
estimated  by  the  oxyhemography  method.  Thle  method  wee  developed  In  the  USSR  by 
Ye.  M.  Kreps.  The  main  component  of  the  oxyhemometrr  is  a  pickup  which  is  placed 
on  the  pinna.  A  beam  of  light  which  is  passed  through  tissues  and  subjected  to 
absorption  and  diffusion  in  them,  strikes  the  light-sensitive  layer  of  two 
photocells  -  "red"  and  "green". 

The  resultant  photoelectric  voltage  is  determined  by  the  oxygen  saturation  of 
the  blood,  regardless  its  amount  contained  in  the  tissues  [152].  This  pickup  can 
be  Independently  attached  for  the  period  of  medical  research. 

Recently  there  have  appeared  proposals  with  respect  to  the  creation  of  combined 
instruments  for  aimultaneously  investigating  a  large  number  of  Indices  of  external 
respiration.  One  of  these  instruments  makes  it  poealble  to  record  11  different 
quantities.  It  consists  of  a  pneumot  echogram  with  an  integrator,  gas  analyzer, 
ana  oxyhemograph  [361].  A  similar  Instrument  with  some  modernization,  e.g.,  the 
addition  of  heat  pickups  for  measuring  the  temperature  of  exhaled  air,  could 
be  used  successfully  in  a  space  flight  for  fulfilling  a  specialized  program  of 
medical  research  on  the  external  respiratory  function  (see  Table  10). 

Figure  64  illustrates  e  sample  of  the  complex  recording  of  a  pneumogram  and  a 
seismocardlogram.  Thla  method  was  developed  at  our  suggestion  for  application  on 
the  "Voskhod"  for  the  purpose  of  a  more  economical  use  of  the  capacity  of  the 
telemetry  links.  In  this  case  a  common  amplifier  was  employed  for  pneumography 
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Fig.  84.  Single -channel  recording  of  a  seisaocardiograu 
and  a  pneumogram  [S1C0  +  PO]  (CKT  +  ITT)* 


and  aelemocardiography,  which  ia  an  axanple  of  the  craatlon  of  a  combined  instrument. 
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CHAPTER  9 


METHODS  FOR  STUDYING  THE  NEUROMUSCULAR  SYSTEM 
AND  WORKING  CAPACITY 

Research  on  the  human  working  capacity  la  of  paramount  value  for  the  solution 
of  practical  problems  of  astronautics.  The  questions  of  spacecraft  control  by  a 
human  operator  can  be  solved  only  on  the  basis  of  the  optimum  selection  of  Infor¬ 
mation  characteristics  of  the  "man -machine”  system  and  the  quarantee  of  the 
necessary  coordination  of  voluntary  motions,  Motor  acts  are  processes  of  the 
active  Influence  of  an  organism  on  the  surrounding  world  and  each  act  is  the 
solution  (or  an  attempted  solution)  [<*6,  47]  an  action  problem.  An  action  problem  a 
reflection  of  the  "necessary  future"  which  in  coded  In  the  nervous  system.  Thus, 
the  purposeful  activity  of  an  astronaut  in  spacecraft  control  and  the  performance  of 
natural  ana  working  acts,  from  the  point  of  view  of  contemporary  science,  can  be 
represented  in  the  form  of  a  series  of  realizations  earlier  programmed  motor  skills. 
A  definite  role  is  played  by  the  processes  of  information  perception,  processing, 
an d  transmission  on  each  stage  of  realisation. 

The  Information  links  between  the  astronaut  and  the  spacecraft  systems  are  of 
both  scientific  and  practical  Interest.  On  the  one  hand,  it  Is  important  to 
clarify  the  question  concerning  the  influence  of  space  flight  factors  or  the 
various  Information  processes.  Thus,  it  Is  known  that  the  zero-gravity  state  Is 
accompanied  by  a  lowering  in  the  flow  of  afferent  Impulses.  This  circumstance  Is 
Increased  by  hypodynamia  and  relative  isolation.  Information  processing  in  the 
astronaut's  central  nervous  system  and  the  acta  of  realization  of  known  motor 
skills  also  can  change  under  the  unusual  conditions  of  space  flight.  The  practical 
aide  of  the  matter  In  the  final  result  involves  the  ability  of  the  astronaut  to 
perform  purposeful  actions  and.  In  particular,  to  perform  the  control  process. 
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4W  to*  studied  in  animals,  and  ending  with  the  solution.  of  strictly  "human" 


problem*  involrad  with  the  control  of  complicated  syatena,  an  Important  role  is 
played  by  the  single  methodological  approach  in  the  aanae  of  the  physiological 
Measurement  of  the  inforaation  processes  that  take  place  in  the  single  "m&n- 

toachlne"  pestem. 

The  first  flightc  positively  answered  only  the  question  concerning  the  pos¬ 
sibility  of  perforating  specific  working  operations  under  the  conditions  of  apace 
flight.  The  astronauts  conducted  radio  communications,  orientated  their  spacecraft, 
recorded  this  Impressions  In  the  flight  log,  end  took  care  of  their  natural  needs: 
nil  this  indicates  that  tha  action  of  apace  flight  factors  does  not  cause  essential 
disturbances  in  working  capacity.  But  tha  question  concerning  the  functional 
capabilities  of  tha  pilot-astronaut,  his  ability  to  perform  certain  opec if ic 
operations,  and  fatigue  requires  further  special  research. 

The  ability  to  perform  purposeful  activity  la  clossly  related  to  the  state 
of  the  nervous  and  auscular  system.  The  first  investigations  of  these  systems 
were  conducted  during  flight  experiments  with  animals.  The  methods  of  actography 
and  electromyography  were  used.  Astronaut  activity  was  subsequently  evaluated  by 
means  of  radio  conversation  materials,  television  data,  analysis  of  recordings  In 
the  flight  log,  and  others.  An  important  method  of  investigating  the  state  of 
the  central  nervous  system  was  electroencephalography. 

A  new  stage  in  physiological  research  on  working  capacity  began  with  flight 
of  the  Soviet  "Voskhod"  spacecraft.  A  special  method  for  providing  a  quantitative 
and  qualitative  calculation  of  specific  astronaut  activity  (programmed  research) 
w&a  used  for  the  first  time.  Mew  methods  which  directly  characterized  working 
capacity  and  precise  motor  coordination  ware  employed.  Finally,  the  participation 
of  a  physician  in  the  flight  made  it  possible  to  give  a  medical  evaluation  of  the 
astronaut's  health,  condition,  and  certain  features  of  their  activity  in  flight 
which  could  not  be  recorded  objectively. 


Actugraphy 

Actography  in  the  method  for  studying  motions.  The  motor  activity  of  humans 
and  animals  appears  in  the  form  of  coordinated  and  purposeful  acts.  Motion  is  one 
of  the  universal  manifestations  of  the  vital  activity  of  humans  and  animals. 

Human  motions  reflect  activity  that  involves  work  and  contact  with  people,  working 


operations,  professional  skills,  and  also  very  precise  spoken  and  written  coordina¬ 
tions  which  occur  on  the  basis  of  reflexes  of  the  second  signal  system  [48,  164). * 
Actography  makes  it  possible  to  investigate  motor  activity  in  time.  There  is 
general  and  differential  actography  [303].  In  general  actography,  motions  are 
recorded  regardless  of  to  what  they  are  related.  Differential  actography  examines 
only  specific  special  motions  (e.g.,  the  control  process,  writing,  or  moving  the 
head) . 

Research  on  motor  activity  under  apace  flight  conditions  can  be  conducted  on 
the  basis  of  television  data  and  certain  artifacts  of  a  number  of  physiological 
recordings,  e.g.,  electroencephalograms  or  aelsmocardlograma.  A  selsmocardlographlc 
pickup  can  be  considered  as  an  actograph.  Under  conditions  of  rest.  It  records 
bo-'y  motions  that  are  related  to  heart  activity.  During  the  motions.  It  provides 
information  on  the  motor  activity  of  the  human  or  animal  (Pig.  85) . 
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Fig.  85.  Recording  of  motor  activity  by  means  of  a 
selsmocardlographlc  pickup  (sample  of  a  telemetry  record¬ 
ing  during  the  flight  of  the  third  Soviet  orbital  space¬ 
craft).  The  dog  "Pchelka." 

The  application  of  seismic  pickups  for  investigating  stotor  activity  has  been 
described  by  many  authors.  Cavagna,  Salbene,  and  Margarita  [379]  described  a 
three-directional  accelerometer  for  analysing  body  movements.  It  consists  of  a 
flat  steel  spring  that  is  secured  in  a  rigid  frame.  A  small  weight  is  attached  in 
the  center  of  the  spring  and  tensometers  are  glued  on  both  sides.  A  bridge  circuit 
makes  it  possible  to  record  a  disbalance  signal  which  is  proportional  to  the 
acceleration.  Three  of  those  transducers  make  it  possible  to  obtain  a  three- 
directional  accelerogram.  The  sise  of  the  transducer  block  is  40  x  40  x  15  mm  and 
the  amplitude  characteristic  ±1  g.  The  frequency-response  curve  is  0-100  cps. 

♦Trans.  Ed.  Note;  The  second  signal  system  is  a  cortical  system  which  is 
related  to  the  development  of  speed  and  thought.  It  consists  of  conditioned 
stimuli  formed  by  words  and  their  connections. 
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Two  types  of  transducers  win  UMd  to  investigate  the  actor  activity  of 
ISlakU.  One  of  them  was  a  potentiometer,  which  mm  controlled  by  «  caprone  string 
that  trme  connected  to  the  harases  of  a  dog.  Three  of  these  transducer*,  which  are 
attached  at  different  points  In  the  cabin  ant  recorded  anlaal  aoveaent  along  three 
mutually  perpendicular  axes,  asks  It  possible  to  obtain  an  Idea  of  the  spatial 
position  ef  the  ealaai  and  Its  not  or  raspings .  Hover*  r,  this  Is  not  sufficient 
for  a  study  ef  the  — gnlturt*  of  enlaal  efforts;  therefore,  B.  A.  Zhuravlev  [117] 
proposed  traneduoere  of  another  type,  which  are  built  into  the  cables  which  secure 
*he  dag  to  the  cabin  floor.  Thaos  contact  potontlonator  pickups  wars  used  only 
whan  a  cable  became  tout,  end  they  changed  their  resistance  In  proportion  to  the 
applied  force. 

An  analysis  of  nevenents  was  conducted  by  as  ana  of  coopering  actograms  with 
a  television  ploturo.  Booauoo  of  tho  oonblnod  evaluation  of  all  data,  it  waa 
possible  to  eons  up  with  an  ldoa  about  the  behavior  of  anlnale  under  weightless 
conditions  [18,  lit],  Telemetry  recording  of  actograns  also  is  of  definite  value 
for  evaluating  other  Indices  since  It  makes  It  possible  to  determine  the  artifacts 
related  to  anlaal  aoveaent  a. 

Many  diverse  aethods  have  been  proposed  for  investigating  the  motor  activity 
of  animals  1  recording  the  oscillations  of  the  bottom  of  a  cage  made  out  In  the 
form  of  a  diaphragm  and  connected  to  electromagnetic  transducers  [738];  recording 
the  number  of  interruptions  in  a  beam  of  light  passing  through  a  chamber  containing 
an  animal  [721];  attaching  a  magnet  to  an  anlaal  and  recording  the  emf  that  appears 
in  coils  which  are  located  In  varloue  points  of  a  cage  [423],  end  other  methods 
[143,  675,  726]. 

in  addition  to  theae  aethods,  special  pickups  can  be  employed  to  estimate 
human  motor  activity.  The  recording  of  differential  actograns  is  of  much  Interest. 
For  Instance,  It  was  shown  that  even  during  uniform  motion  of  the  forearm  Its 
apeed  in  different  sections  Is  unequal  [272].  The  Importance  of  recording  motor 
acta  le  Indicated  by  the  application  of  actographic  methods  In  the  study  of  the 
biomechanics  of  physical  exercises  [113],  posture  studies  [133],  research  on  higher 
nervous  activity  [333],  snd  Investigations  during  sleep  [273]  an*  work  [469,  484]. 
One  of  the  variations  of  differential  actography  le  the  method  of  recording  the 
processes  of  written  language  (see  below)  which  we  developed. 
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Electromyography 

Investigations  of  muscular  biopotentials  are  of  much  interest  for  evaluating 
the  mechanisms  of  motor  coordination  and  the  peculiarities  of  biomechanics  under 
zero-gravity  conditions. 

Electromyography  is  one  of  the  methods  which  makes  it  possible  to  investigate 
the  process  of  muscle  contraction  under  the  eondltlons  of  an  integral  organism. 

An  Important  role  is  played  by  electromyography  when  evaluating  the  state  of 
muscular  tonus  [136*  283].  Ye.  M.  Yuganov,  I.  I.  Kas'yan,  and  V.  I.  Yasdovskly 
applied  an  electromyographic  procedure  for  studying  the  influence  of  weightlessness 
on  the  state  of  muscular  tonus  in  animals  during  flight  in  the  cabins  of  ballistic 
rockets  [262].  Electromyography  has  an  important  value  in  the  study  of  work  and 
fatigue  [604,  698,  641,  225,  150,  217]. 

Biopotentials  of  muscles  sure  characterised  a  very  wide  spectrum  of  frequencies 
and  amplitudes.  Thus,  Volkers  and  Candll  [7ii]  recorded  electromyogram  in  a  range 
up  to  130  kilocycles  and  noted  essential  distinctions  in  tha  content  of  the  high- 
frequency  components  of  muscular  biopotentials  in  sick  and  healthy  individuals. 

These  authors  express  an  assumption  concerning  the  possible  radiation  of  elactro- 
magnetic  energy  during  muscular  work. 

It  usually  is  considered  sufficient  to  record  electromyograms  in  a  range  from 
10-30  to  300-500  cpe  [136,  284].  Human  muscular  biopotentials  are  recorded  by 
means  of  attached,  surface  electrodes,  and  those  of  animals  are  recorded  by  mens 
of  implanted  electrodes. 

Experience  in  telemetry  recording  of  electromyogram  in  Soviet  apace  research 
was  obtained  during  the  flight  of  third  Soviet  orbital  spacecraft.  The  "integral" 
electromyogram  recording  method  was  employed  for  transmitting  relatively  high- 
frequency  signals  on  muscle  biopotentials  (to  500  cpe)  through  telemetry  channels. 
This  method  consists  of  detecting  and  integrating  the  output  signals  of  tha 
amplifier.  The  "envelope  in  this  case  corresponds  the  amplitude -frequency  response 
of  the  electromyogram,  i.e.,  at  uniform  frequenelse  it  is  directly  proportional  to 
amplitude,  end  at  equal  amplitudes  it  la  proportional  to  frequaney.  Figure  86 
illustrates  a  sample  synchronous  recording  of  a  "natural"  and  an  "integral"  electro- 
myogram  of  a  dog  while  bending  its  head.  As  can  be  seen  from  the  figure,  on 
the  biopotential  changes  caused  by  movements  ears  well  recorded  on  the  Integral 
electromyogram.  Satisfactory  results  were  also  obtained  In  an  investigation  of 
static  muscle  tensions.  Thus,  the  "integral"  electromyography  method  makes  it 
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possible  to  AUla  tita  on  olootiofoino  changes  evoked  by  aomirti  and  statio 
loads,  dilohi  la  oceminatlom  with  aa  actogram,  ean  ba  uaod  for  tba  characteristics 
of  tha  motor  sets  of  aa  aalaal  la  flight.  tba  integral  eleotrcsqro&rapfay  oat  hod 
alto  «u  uaod  In  eortala  foreign  investigations  [393,  t*7,  780].  Tba  authors  note 
a  direct  relationship  be toe  an  Integral  elect romyogran  readings  and  total  muscular 
activity,  amount  of  load,  aad  functional  activity  (respiratory  nuscles)  [*»2T]  - 

The  theoretical  basis  of  the  applied  method  of  "integral"  electromyography 
ensues  froa  the  following  positions  [807).  The  parens ter s  of  en  electronyogram 
are  date rained  by  tba  number  of  motor  unite  that  are  active  at  a  given  moment,  the 
discharge  frequency  in  each  of  then*  end  the  degree  of  their  synchronisation. 
During  Isometric  contraction,  the  area  of  an  e  lea  tremorogram  is  proportional  to  the 
contraction  force,  but  this  relationship  is  disturbed  during  fatigue,  since  the 
synchronisation  of  motor  units  is  amplified.  For  moderate  and  medium  loads,  the 
aean  amplitude  is  a  measure  of  the  force,  and  the  mean  frequency  is  e  Mature  of 
the  load.  Thus,  the  "integral"  electrtmqrogram  during  metered  loads  mates  it 
possible  to  investigate  the  fatigue  process,  and  during  spontaneous  activity  it 
provides  an  estimate  of  the  mean  force  expenditures,  which  is  directly  related 
to  the  study  of  metabolism. 

The  purpose  of  the  first  Investigations  in  flight  was  to  compare  the  level  of 
spontaneous  muscular  activity  under  conditions  of  noneel,  increased,  and  decreased 
gravitation.  Considering  that  the  head  of  an  animal  actively  participates  in  all 
motor  responses  (orientating*  food,  defensive),  the  electrodes  were  implanted  in 
the  region  of  the  epleniue  cervitls.  To  obtain  control  recordings,  a  2. 0-2. 5  kg 
weight  was  suspended  to  the  head  of  a  dog.  There  then  appeared  static  muscle 
tensions,  which  were  well  recorded  by  the  described  method. 


In  addition,  other  methods  of  tapping  muscular  biopotentials  were  investigated. 


Biopotentials  of  the  muscie  groups  which  bend  the  launch  were  recorded  frosi 
electrodes  that  were  located  In  the  aiid-third  of  the  haunch.  Recording  was  con¬ 
ducted  both  In  the  calm  state  of  a  dog  In  the  standing,  sitting,  and  prone  positions, 
and  also  during  the  transition  from  one  state  to  another  and  under  conditions  of 
"suspending"  the  dog  on  Its  stomach.  As  a  result,  rather  distinct  data  were 
obtained  which  made  it  possible  to  estimate  the  degree  of  muscular  loading. 
Experiments  were  also  conducted  by  the  "complex"  electromyography  method,  which 
conBlBts  In  recording  the  total  biopotentials  of  a  large  number  of  muse le s ,  This 
approach  Involves  a  study  of  the  state  of  muscular  tonus.  When  the  area  of  the 
biopotential  lead  Is  large,  the  specific  character  of  the  bioelectric  responses 
of  individual  muscle  groups  is  lost.  The  total  overall  level  of  muscular  activity 
is  estimated. 

« 

The  electromyography  method  is  of  much  Interest  when  investigating  human 
working  capacity.  V.  D.  Moncharov  reports  on  electromyographic  investigations  with 
the  application  of  an  electrical  Integrator.  The  Integral  values  of  muscle  bio¬ 
potentials  were  higher  during  physical  work  than  under  static  conditions.  The 
author  explains  this  by  the  fact  that  the  best  conditions  for  manifestation  of 
the  influence  of  the  central  nervous  system  by  the  Involvement  of  new  muscular 
units  are  created  during  dynamic  work  [177] • 

Methods  of  automatic  electromyogram  processing  have  lately  been  extensively 
employed,  which  makes  it  possible  to  operationally  evaluate  the  state  of  the 
muscular  system  in  the  process  of  work.  Large  prospects  are  opened  up  by  the 
application  of  contemporary  mathematical  methods,  e.g.,  auto-  and  cross-correlation 
analysis  [207], 


Electroencephalography 

The  recording  of  electrical  activity  of  the  brain  to  a  certain  extent  makes  It 
possible  to  evaluate  the  functional  state  of  the  cerebral  cortex  [114,  lg2,  146, 
1^1].  Electroencephalography  data  are  related  to  the  moat  diverse  aides  of  vital 
activity  —  from  the  metabolic  processes  on  the  cellular  level  (slow  bioelectric 
oscillations)  [13]  to  higher  psychic  functions  [334,  583]*  It  is  natural,  therefore 
that  there  sure  many  works  on  electroencephalography  and  the  application  of  this 
method  in  the  study  of  individuals  whose  profession  requires  an  extreme  degree  of 
nervous  tension.  There  Is  a  great  deal  of  literature  with  respect  to  electro- 
encephalographic  research  on  pilots,  both  for  examination  and  selection  [667],  and 
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alw  for  tha  purpose  of  monitoring  the  *UU  of  alertness  [478]  and  itrimi  in 
fU|ht  [704,  fO 5,  764].  •saKJaoobson' •  data  on  tha  raaulta  of  electroencephalography 
of  Jet  pilot#  Oaring  bos*  run*  and  vaioua  maneuvers  ara  interesting  [540].  It  haa 
been  established  that  individuals  without  caaantial  electroencephalogram  changes 
belong  to  tha  group  of  pilot#  that  have  axacatad  their  alsaion  well.  Individuals 
with  electroeneepbalegraphie  change*  (alow  wptves),  aa  a  rule,  had  poor  flight 
tolarono#  ant  did  not  coop lately  execute  their  missions. 

Aoariaan  re #e arc hara  ara  extensively  studying  tha  possibility  of  the  applica¬ 
tion  of  electroencephalography  for  evaluating  tha  atraas  of  apace  flight  [306]. 

The  United  State  a  haa  alao  created  nlnlature  equipment  to  be  placed  in  the 
astronaut's  ha last  [tt.8],  and  haa  conducted  a  large  series  of  electroencephalo- 
grsphlc  investigations  on  nonkeya  during  the  notion  of  accelerations  and  vibrations 
[305].  Methods  for  recording  brain  biopotentials  in  animals  are  being  developed 
[424,  430,  431,  496].  However,  the  first  electroencephalograms  from  outer  apace 
were  Obtained  by  the  Sow*"*,  union  [74,  86]. 

As  it  is  known,  there  are  two  forms  of  electrical  cerebral  activity: 
spontaneous  activity  and  evoked  potentials  [146].  Spontaneous  (background) 
activity  implies  the  general  and  continuous  activity  of  the  brain  which  la 
observed  in  the  absence  of  special  external  stimuli.  The  evoked  or  reactive 
potentials  appear  against  the  background  of  spontaneous  activity  in  response  to 
the  stimulation  (dlrec  «>i-  ln^  t)  of  ganglion  formations.  In  the  space  flightB 
of  the  "Vostoka,"  only  spontaneous  electrical  activity  of  the  brain  was  recorded. 

The  stain  purpose  of  the  application  of  electronencphalography  consisted  in 
providing  for  medical  monitoring  *  the  functional  state  of  the  cerebral  cortex. 

The  task  of  obtaining  scientific  materials  on  the  Influence  of  flight  factors  on 
brain  biopotentials  had  a  coordinatlve  character.  The  recording  of  electro¬ 
encephalograms  under  space  flight  conditions  demanded  the  solution  of  several 
methodological  problems:  reliable  contact  of  electrodes  with  skin  for  several 
days;  selection  of  the  most  effective  electroencephalographic  leads  from  the 
standpoint  of  medical  monitoring  and  noise  immunity;  distribution  of  electrodes  in 
the  space  beneath  the  helmet  in  such  »  way  as  not  to  cause  discomfort  or  difficulties 
during  work. 

Diverse  variants  of  electroencephalographic  research  were  tested  when  solving 
these  problems.  DEO  recrodings  were  made  at  different  points  of  the  cranium, 
mono-  and  blpolarly,  with  a  study  of  the  reactions  to  opening  and  closing  the 
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eyes  *nd  to  picking  up  rhythm.  The  none  immunity  o i  the  recordings  a-iso  was 
investigated  during  blinking,  compressing  the  Jews,  turning  the  heed,  end  moving 
the  arms  end  the  trunk.  Tha  following  bipoler  leede  were  studied!  "forehead- 
occiput,"  "occiput-occiput,"  "forehaad-.’orehead,"  "foreheed-sinciput,"  end 
"sinciput-occiput."  The  following  monopoler  leeds  were  investigeted:  "frontel, 
sincipitel,  end  occipitel,"  on  the  right  end  on  the  left. 

As  e  result  of  ell  the  experiments,  the  "foreheed-occiput"  leed  wes  selected. 
This  leed  elso  hes  been  wldaly  employed  in  earn sthe Biology  [113]  for  monitoring  the 
state  of  patients  during  surgical  operations.  Indeed,  the  "forehead-occiput" 
lead  Also  hes  opponents  who  assert  that  the  opposite  phase  directivity  of  points 
"JT  [forehead]  en£  "3"  [occiput]  introduces  distortions  into  the  curve  [37].  m 
ou>  opinion,  these  dangers  refer  only  to  research  electroencephalography.  In  an 
electroencephalogram  recording  that  is  made  for  purposes  of  medical  monitoring, 
the  survey  lead  "forehead-occiput"  is  the  most  expedient  one. 

Reliable  sustained  contact  of  electrodes  with  the  skin  was  ensured  by  the 
application  of  contact  pastes  and  depilatories.  Electrodes  similar  to  the  EKQ 
type,  together  with  an  or Ion  washer-lining,  were  mounted  on  the  inner  surface  of 
the  helmet.  Vires  were  sewn  under  the  lining  and  were  drawn  out  into  a  common  plug 
connector.  The  described  biopotential  lead  system  was  checked  out  in  multi-dey 
experiments  and  indicated  good  results. 

To  ensure  the  possibility  of  recording  electroencephalograms  on  the  already 
existing  electrocardiographic  channels  of  the  on-board  equipment,  special  pre¬ 
amplifiers  were  devised.  The  application  of  preamplifiers  located  on  the  astronaut, 
besides  the  purely  technical  advantages,  has  a  definite  value  in  the  sense  of 
increasing  the  noise  immunity  of  the  EDO  channel. 

During  space  flight,  electroencephalograms  were  recorded  in  A.  0.  Nlkolayev, 
p,  R.  Popovich,  V.  P.  Bykovskiy,  and  Y.  V.  Tereshkova.  In  P.  R.  Popovich,  for 
technical  resaws,  the  recordings  were  of  low  quality,  small  amplitude,  and  vascular 
interferences  (R  wave  of  EKQ)  were  present.  The  recordings  of  the  remaining 
astronauts  were  sufficiently  high-quality.  The  electroencephalograms  recorded 
during  flight  reflected  blinking  and  motor  activity  of  the  astronaut.  During 
analysis,  it  is  necessary  to  carefully  select  separate  sections  of  the  curve  which 
are  free  from  interferences.  All  rhythm  forms  are  well  defined  in  the  "space"1 
electroencephalograms s  alpha  (8-13  cps),  bata  (14-30  epa),  delta  (1-3  cps),  and 
theta  (4-7  cps).  Thass  types  of  bioelectric  activity  are  represented  in  the  form 
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Fig.  87.  llectroaneephalogram  of  V.  F.  Bykovskiy 
during  ipM«  flight. 


Fig.  88.  Ilsietroasjeephalugran  In  space  flight  (V.  V. 
Tereshkova). 


of  telemetry  recordings  In  Flgt.  87  and  88. 

As  It  la  known,  the  electrical  conductivity  of  the  akin  depends  an  the  state 
of  tha  vegetative  nervous  system  [302,  303,  30k).  The  degree  of  electrical  con* 
ductlvlty  of  the  skin  la  determined  by  many  factors »  the  activity  of  the  sweat 
glands,  the  pe me ability  of  biological  membranes,  the  hydrophilic  nature  of  the 
akin,  and  the  blood  supply.  Under  the  influence  of  various  factors  there  can  occur 
changes  In  electrical  conductivity.  Such  factors  can  be  painful  sensations, 
neuropsychic  tension,  and  various  afferent  atlaull  (light,  sound).  Changes  in 
skin  resistance  frequently  are  designated  as  the  galvanic  skin  response  Inasmuch 
ae  they  are  accompanied  by  changes  in  the  galvanic  potential  of  the  skin  (1.  s. 
Tarkhanov's  phenoswnon,  1889). 

There  sure  two  methods  of  recording  galvanic  skin  responses t  Tarkhanov's 
method  (recording  the  electrical  potentials  of  the  skin)  and  Terrier's  method 
(recording  the  electrical  resistance  of  the  skin).  Both  msthods  give  Identical 
results.  Galvanic  skin  responses  are  the  result  of  a  change  In  tha  current 
balance  of  the  sympathetic  and  parasympathetic  systems.  These  responses  are  non¬ 
specific  to  a  higher  degree  inasmuch  as  they  can  be  related  both  to  complicated 
neuro-endoc rlne  shifts  and  also  to  changes  In  the  information  flows  In  the  central 
nervous  system.  Undoubtedly,  an  Important  role  in  the  realisation  of  galvanic 
skin  responses  is  played  by  reticular  formation. 

Upon  stimulating  the  sympathetic  aystem,  the  galvanic  skin  response  appears 


in  the  form  of  a  drop  in  electrical  resistance  (the  result  of  intensive  activity 
of  the  sweat  glands)  or  in  the  fora  of  increased  electronegativity  (the  result 
of  neuro-energetic  processes  which  are  accompanied  by  a  change  in  the  electrical 
charges  on  the  surface  of  the  skin).  Farasympathetlc  responses  are  accompanied 
by  inverse  measurements. 

There  are  spontaneous  and  evoked  galvanic  skin  responses.  Significant 
spontaneous  responses  frequently  are  observed  in  mental  instability,  e.g.,  in 
schizophrenics  [537] .  During  flights  on  a  Keplerlan  parabola,  oscillations  In 
electrical  resistance  were  detected  [699],  which  apparently  cannot  be  said  to  be 
spontaneous  inasmuch  as  they  are  related  to  the  intermittent  action  of  weight¬ 
lessness  and  Onloads.  The  galvanic  skin  response  to  some  stlisulus  is  characterized 
by  Us  latent  period  and  amplitude.  In  schizophrenics,  an  essential  lengthening 
of  tne  latent  period  is  noted.  In  general,  the  duration  of  the  latent  period  is 
Inversely  proportional  to  the  depth  of  cortical  inhibition  [221]. 

Slow  (hourly,  dally)  changes  in  skin  resistance  also  have  a  definite  diagnostic 
value.  It  is  known  that  there  is  observed  an  increase  in  electrical  resistance 
of  the  skin  during  sleep.  This  makes  it  possible  to  monitor  the  state  of  sleep 
and  consciousness  [600].  When  the  vestibular  apparatus  is  stimulated,  a  decrease 
in  skin  resistance  is  observed  [561]. 

Galvanic  skin  responses  are  considered  as  an  Index  of  the  alertness  and  con¬ 
sciousness  of  a  pilot.  Various  emotions  —  excitement,  fear,  apprehension  —  are 
clearly  recorded  by  this  method;  therefore.  It  is  recommended  in  many  telesmtry 
programs  for  space  research  [415,  512,  415,  736].  This  smthod  1b  being  used  suc¬ 
cessfully  for  monitoring  and  research  in  aviation  [73,  699]. 

Thus,  galvanic  skin  phenomena  can  be  used  to  evaluate  the  state  of  the 
vegetative  nervous  system  and  to  indirectly  assess  the  functional  interrelationships 
in  the  cerebal  cortex.  This  determined  the  application  of  the  method  of  measuring 
electrical  skin  resistance  leather  under  space  flight  conditions. 

Two  types  of  Instruments  were  developed  for  recording  galvanic  skin  responses 
(see  Chapter  3):  one  for  measuring  the  absolute  values  of  skin  resistance  and 
its  slow  changes;  the  other  for  recording  only  fast  oscillations  of  resistance. 

The  "Vostok-3"  and  "Vostok-4"  spacecraft  had  an  instrument  of  the  first  type,  while 
the  "Vostok-5n  and  "Voatok-6"  had  an  instrument  of  the  second  type.  The  problem 
of  the  electrodes  was  very  complicated.  It  was  necessary  to  ensure  prolonged 
recording  of  electrical  skin  resistance,  whereas  it  is  known  that  even  in  brief 
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investigations  error*  ut  observed  which  ere  caused  by  the  increase  of  inter- 
electrod*  reslstsnce  due  to  a  disturbance  of  contact  and  polarisation  phenomena 
(941,  989].  Xn  addition,  it  was  important  to  ensure  the  absence  or  uncomfortable 
sensations  as  a  result  of  the  prolonged  location  of  electrodes  on  the  skin. 
O'Connell  and  his  associates  investigated  five  types  of  electrodes  for  recording 
galvanic  shin  responses  and  found  that  the  hast  electrodes  were  those  of  the  Ag*Cl- 
s pongs  type.  However,  these  investigations  considered  the  recording  of  galvanic 
skin  responses  for  one  hour.  Under  the  conditions  of  space  flight,  it  was  required 
to  ensure  recording  for  several  days.  The  use  of  oleotrodee  of  this  type,  Just 
as  for  electrocardiography .  good  skin  treatment,  and  propet  selection  of  an 
appropriate  paste  make  it  possible  to  successfully  solve  this  problem  (I.  T. 
Akulinichev,  A.  Ye.  Baykov).  The  electrodes  were  placed  on  the  plantar  and  dorsal 
surfaces  of  the  astronaut's  foot  and  were  secured  with  ths  aid  of  an  elastic 
bandage.  Figure  89  illustrates  recordings  that  were  Obtained  during  the  flight 
of  A.  0.  Nikolayev.  As  can  be  seen,  there  la  a  dally  dynamic  character  of  the 
magnitude  of  skin  resistance:  it  decreases  towards  evening  and  increases  by 
morning.  In  propelled  flight  and  before  descent,  due  to  emotional  tension,  a 
lowering  in  electrical  resletanc*  of  the  skin  was  observed. 

Days  of  flight 


Fig.  89.  Schematic  co|*y  of  recordings  of  electrical 
•kin  resistance  [Sen]  \  oCSQ  of  A.  0.  KikoiSyeV  in  space 
flight. 

In  astronauts  V.  F.  Bykovskiy  and  V.  V.  Tereshkova,  rapid  oscillations  of 
electrical  skin  resistance  were  studied.  This  essentially  amounted  to  recording 
spontaneous  responses.  The  response  level  was  monitored  during  the  Influence  of 
■pace  flight  factors.  On  the  recorded  curves  it  was  possible  to  distinguish  three 
types  of  responsss:  1)  slow  single-phase,  2)  fart  two-phase  (duration  less  than 
2  seconds),  and  9)  combined  responses. 

As  a  result  of  the  investigations  it  was  sstsblished  that  the  average  reactance 
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of  the  astronauts  (expressed  as  the  average  reaction  per  Minute)  varies  fron 
6-B  to  2-3.  Reactance  was  increased  in  the  beginning  and  at  the  end  of  the  flight, 
which  is  caused  by  higher  neuropsychlo  tension.  In  separate  moments  of  flight,  in 
connection  with  emotional  tension,  a  very  high  reactance  is  observed  (up  to  if? 
reactions  per  minute):  e.g.,  directly  before  launching,  and  also  prior  to  descent. 
At  the  time  of  severs  emotional  stress  before  V.  V.  Tereshkova's  descent,  along 
with  an  expressed  galvanic  akin  response,  a  change  in  the  selsmocardlographlu  curve 
waa  recorded  in  the  form  of  a  third  oscillatory  cycle.  TTie  presence  of  the  extra 
cycle  indicates  the  appearance  of  additional  forces  (accelerations)  in  the  beginning 
of  the  diastolic  period.  It  is  most  likely  that  these  forces  are  related  to  the 
accelerated  filling  of  the  heart.  A  similar  picture  can  be  observed  during  the 
in  ease  flow  of  blood  to  the  ventricles,  i.e.,  when  blood  is  deposited  In  the 
P'lhnonary  vascular  channel  and  the  venous  system  [511] .  Emotional  stress  causes 
a  sympathetic-tonic  vascular  reaction  of  the  hypertension  type.  As  shown  by 
V.  V.  Parln  and  V.  Z.  Meyereon,  in  an  acute  ce,ee  of  reflex  hypertension  in  the 
greater  circulatory  system,  blood  is  displaced  into  the  lecser  circulatory  system, 
and  the  volume  of  blood  in  the  lungs  and  tne  pressure  in  the  pulmonary  vessels  is 
sharply  increased  [203].  Conditions  are  then  created  for  accelerated  filling  of 
the  left  ventricle,  and  consequently,  for  the  appearance  of  a  third,  additional, 
selsmocardiogram  cycle.  A  similar  situation,  however,  is  brief  and  transient. 

Thus,  the  presence  of  a  third  selsmocardiogram  cycle  waa  observed  in  flight  for 
only  about  15  sec.  The  fact  is  that  an  Increase  of  pressure  in  the  pulmonary 
vessels  leads  to  the  appearance  of  an  unloading  reflex  reaction  (V.  V.  Parin' s 
reflex)  which  consists  of  a  drop  of  blood  pressure  in  the  arteries  of  the  greater 
circulatory  systam,  and  the  appearance  of  bradycardia  and  blood  deposition  in  the 
spleen  [1189],  This  reaction  is.  one  of  the  parasympathetic  reactions  [409).  Very 
interesting  recordings  were  obtained  at  the  time  of  awakening  (Fig.  90).  Here 
we  have  an  example  of  an  "evoked"  galvanic  skin  response.  The  recording  clearly 
illustrates  how  shutting  the  eyes  occurs  at  ths  height  of  inhalation  (electro¬ 
oculogram).  A  little  earlier,  the  slow  rhythm  of  cerebral  biopotentials  is 
replaced  by  alpha-  and  beta-waves.  A  drop  in  skin  resistance  (rise  of  curve) 
coincides  with  opening  the  eyda. 

The  nonspecific  character  of  galvantlc  skin  responses  dictates  the  necessity 
of  their  constant  comparison  with  other  physiological  indices,  with  radio- 
conversation  recordings,  and  with  television  pictures.  At  present  it  is  difficult 
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Fig.  90.  Changes  In  physiological  parameters  at  the  tine 
of  awakening  under  space  flight  conditions  (V.  V.  Nlkolayeva- 
Tereshkova) .  Top  -  pneumogram,  electrocardiogram, 
galvanic  skin  response,  electroencephalogram  Bottom  — 
selsmocardiograa  recorded  jointly  with  electrooculogram. 

to  estimate  the  value  of  this  method  for  purposes  of  medical  monitoring;  here  it 
is  necessary  to  gain  further  experience  in  the  recording  of  spontaneous  and  evoked 
reactions  under  the  conditions  of  various  tense  situations. 

The  methods  of  complex  evaluation  of  galvanic  skin  responses  with  known 
stimuli  can  be  importance t  e.g.,  with  stimulation  of  the  vestibular  apparatus, 
"psychologic  testa,"  and  in  the  study  of  working  capacity.  American  researchers 
are  working  on  the  creation  of  automatic  analysers  of  galvanic  skin  responses  [32]. 

Problems  of  Evaluating  Work  Capacity  Under 
"Space  Flight  Conditions  ‘ 

Plight  experiments  with  animals  showed  that  weightless  conditions  do  not 
auae  shifts  in  the  neuromuscular  system  which  would  prevent  the  normal  vital 
activity  of  the  animals.  The  animals  ate,  attended  to  their  natural  needs,  and 
reacted  to  various  external.  Influences  (e.g.,  turning  on  light  In  the  capsule). 
Investigations  on  laboratory  rats,  which  were  conducted  before  and  after  flight, 
indicated  the  preservation  of  earlier  developed  conditioned  reflexes  [18,  86]. 
According  to  actography  data,  which  was  supplemented  by  television  materials,  it 
was  possible  to  make  a  conclusion  concerning  the  fact  that  the  motor  responses  of 
animals  under  weightless  conditions  remain  sufficiently  fast  and  adequate. 
Electromyographic  investigations'  did  not  indicate  an  essential  changes  in  muscular 
tonus.  Thus,  even  the  preparation  of  the  first  manned  space  flight  did  not 
encounter  any  gross  changes  on  the  part  of  the  neuromuscular  system.  American 
researchers,  however,  detected  certain  disturbances  in  the  work  capacity  of  an 
chimpanzee  in  powered  phase  and  the  descent  phase  during  ballistic  and  orbital 
flights  under  Project  "Mercury"  (483,  676].  Nonetheless,  the  investigation  of 
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human  work  capacity  and.  In  particular,  the  state  of  the  human  neuromuscular 
apparatus  was  of  much  Interest.  Investigations  of  human  work  capacity  and  fatigue 
differ  in  principle  from  the  study  of  the  problem  of  fatigue  in  the  general 
biological  program  on  animals  and  other  biological  specimens.  One  of  the  most 
Important  methodological  premises  in  the  study  of  human  work  capacity  and  fatigue 
consists  in  the  fact  that  it  is  necessary  to  conduct  the  investigations  under 
conditions  which  are  as  close  as  possible  to  the  natural  conditions  of  human 
activity  [217]. 

The  central-cartlcal  theory  of  fatigue  is  presently  considered  to  be  the  most 
proven  one.  This  theory  is  based  on  the  works  of  I.  N.  Sechenov,  I.  P.  Pavlov, 
and  N.  Ye.  Vvedenskiy.  The  central -cortical  theory  is  considered  in  the  monograph 
"Tne  Problem  of  Fatigue"  by  V.  V.  Rozenblat.  The  problems  of  work  capacity  and 
fatigue  are  the  subject  of  many  publications  [84,  102,  217,  457*  509*  575*  625*  775]. 
This  problem  is  considered  to  be  one  of  the  most  Important  and  urgent  problems  of 
physiological  science.  Prime  attention  was  previously  allotted  to  the  study  of 
muscular  work;  now,  the  automation  of  control  processes  and  the  increase  of  man's 
role  in  complicated  systems  have  led  to  the  necessity  of  paying  special  attention 
to  mental  work  capacity.  However,  both  mental  and  physical  work  capacity,  in 
spite  of  the  distinction  in  methods  of  evaluation,  have  a  common  cortical  mechanism 
of  fatigue  and  Influence  one  another  [217]. 

Work  capacity  can  be  estimated  both  according  to  the  character  of  performance 
of  the  work  Itself,  and  also  on  the  basis  of  changes  in  the  state  of  the  various 
organs  and  systems  as  a  result  of  performing  a  given  task.  According  to  V.  V. 
Rozenblat  [217],  changes  In  work  capacity  can  be  expressed  in  the  following  forms: 
a)  a  decrease  in  the  quality  of  work,  b)  a  decrease  in  the  quantity  of  the  work,  and 
c)  a  disturbance  in  coordination  of  the  processes  involved  with  the  performance 
of  a  given  task. 

The  varied  activities  of  an  astronaut  under  space  flight  conditions  provides 
s  great  deal  of  material  for  evaluating  his  work  capacity.  The  introduction  of 
radio  communications,  flight-log  recording,  special  observations,  and  actions  in 
orientating  the  spacecraft  —  all  this  professional  activity  of  an  astronaut 
characterizes  his  work  capacity.  But  the  fulfillment  of  all  elements  of  the  flight 
missions  makes  it  possible  to  discuss  only  one  side  of  work  efficiency,  the  absence 
of  its  qualitative  changes.  To  explain  quantitative  shifts  and  especially  changes 
in  coordination  of  working  processes.  It  is  necessary  to  introduce  definite. 
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**1*11 -measured  actions  into  tits  flight  program. 

the  method  of  programed  medical  research  which  wo  developed  to  include  the 
•stive  participation  of  the  astronaut  is  one  of  variations  of  a  aeasured  working 
load.  Here*  first  of  all,  tins  aeasureaent  is  accoapllshad.  A  strict  time  schedule 
and  trained  notor  skills  create  as  if  a  "chain  reaction"  which  consists  of  motor 
wets  that  am  strictly  majors  *  in  eacro  intervals  of  tirn.  According  to  A.  A. 
Ukhtomakly,  the  macrointerval  is  an  Important  index  of  the  lability  of  syetem 
formations.  K.  g.  Tochilov  developed  the  theoretic alfundamntale  for  the  analysle 
of  integral  motor  acts  with  repeated  activity  of  various  complexity  [250].  He 
considers  the  time  and  content  of  the  notor  acts t  its  active  (movements)  and 
passive  (pauses)  elements.  Elamant-by-a lament  analysis  of  time-study  data  makes 
it  possible  to  evaluate  the  lability  of  the  motor  analyser  with  respect  to  the 
generic  condi ton  of  the  organism.  In  s  programmed  investigation,  the  analysis  of 
a  set  of  recordings  not  only  makes  it  possible  to  clarify  the  active  and  passive 
elements,  but  also  to  analyse  the  content  of  the  work  performed  and  to  evaluate 
its  quality.  It  should  be  noted  that  special  instruments  have  been  constructed 
abroad  for  the  simple  investigation  of  only  "pause-work"  cycles:  e.g.,  a  device 
for  recording  the  moment  contact  with  the  control  stick  [71?]. 

Considerable  attention  is  presently  being  given  to  the  disturbance  of  the 
Information  processes  related  to  the  performance  of  a  specific  task.  The  benefit 
of  the  cybernetic  concept  of  "man-machine"  also  has  appeared  in  stidles  on  the 
problem  of  work  capacity  and  fatigue.  V.  S.  Farfel*  and  his  associates  investigated 
changes  In  work  capacity  on  the  basis  of  Indices  of  the  volume  of  perceived 
Information,  they  studied  the  tasks  of  subway  operators  and  took  the  number  of 
visual  signals  appearing  along  the  route  In  30  minutes  as  a  criterion.  It  waB 
established  that  toward  the  end  of  the  work  shift  the  volume  of  perceived  informa¬ 
tion  decreases  [258].  The  information  processing  in  the  brain  [624]  and  the 
reactions  of  an  operator  to  various  stimuli  [432,  520]  are  being  studied  to  evaluate 
human  work  capacity.  If  we  consider  programmed  research  from  the  positions  of  the 
"man-machine"  concept,  it  is  possible  to  imagine  the  activity  of  an  astronaut  as 
a  process  of  consecutive  realisations  of  a  standard  set  of  "models  of  the  neces¬ 
sary  future"  which  are  preliminarily  coded  in  his  brain,  and  to  consider  his 
action  as  a  control  process.  As  a  result  of  comparing  (automatic  or  manual)  the 
information  obtained  on  the  activity  of  an  astronaut  with  the  assigned  program,  it 
is  possible  to  estimate  the  quality  of  the  control  process.  Thus,  programmed 


-238- 


research  makes  It  possible  to  evaluate  astronaut  work  capacity  quant itatlvaly  on 
the  basis  of  the  site  and  number  of  errors  made  during  fulfillment  of  the  program. 

Finally,  the  possibility  of  evaluating  the  coordination  of  working  processes 
according  to  programmed  research  data  was  brought  about  by  the  fault  that  In  the 
process  of  performing  an  assigned  sequence  of  actions  several  vegetative  and 
neuromuscular  indices  are  recorded  which  reflect  the  state  of  the  organism  at  the 
time  of  the  activity.  The  mutual  relationships  between  indices  and  their  changes 
as  compared  to  the  standards  obtained  during  training  sessions  permit  a  detailed 
evaluation  of  many  interdependent  processes  which  ensure  the  realisation  of  specific 
motor  acts. 

Evaluating  work  capacity  on  the  basis  of  reactions  on  the  part  of  the 
circulatory,  he at -regulation,  respiratory,  and  other  systems  is  one  of  the  widely 
ui:  d  methods.  The  concept  of  the  reflex  interaction  of  various  system  has  long 
b*>en  recognized  in  the  physiology  of  work.  Respiratory  oscillations  of  muscular 
tonus  were  described  by  Yu.  S.  Yusevlch  [284];  M.  R.  Mogendovich  and  hie  associates 
have  been  working  out  the  problems  of  the  relation  of  locomotion  to  the  state  of 
visceral  systems  for  many  years  [45].  The  simultaneous  recording  of  motor  and 
vegetative  functions  occupies  a  conspicuous  position  in  diagnosing  fatigue  [1, 

120,  217,  239,  436,  439,  641,  813].  Data  have  been  published  concerning  the 
influence  of  fatigue  on  the  dally  period  of  physiological  functions  [166,  219,  342]. 
Investigations  of  vegetative  indices  for  manifestation  of  emotional  stresses  are 
well  known  [213,  320,  344,  410]. 

We  must  not  forget  to  mention  the  group  of  methods  involved  with  the  study  of 
the  reactions  of  the  nervous  system  of  a  subject  ot  various  stimuli:  e.g., 
acoustical  [72],  visual  [303],  and  electrical  [26,  149]. 

The  problema  of  studying  human  work  capacity  under  the  conditions  of  actual 
or  simulated  space  flight  are  the  subject  of  a  large  number  of  investigations. 

These  Investigations  concern  the  vegetative  and  emotional  sphere  of  the  astronaut, 
his  mental  and  physical  work  capacity,  the  possibility  of  spacecraft  control,  and 
the  fulfillment  of  a  program  of  scientific  investigations.  The  firet  "Vostok" 
flights  proved  the  possibility  of  maintaining  the  necessary  level  of  human  work 
capacity  under  space  flight  conditions  [293,  294,  295].  Starting  with  the  "Vostok-3, 
new  methods  of  monitoring  and  research,  electroencephalography  and  recording  of 
galvanic  skin  responses  were  introduced.  During  the  flights  of  the  "Vostok" 
spacecraft,  astronaut  work  capacity  was  estimated  according  to  the  volume  and 


quality  of  fulfilling  Dm  flight  Mission  in  various  phases  of  flight,  and  also 
ssoordlng  to  ths  performames  of  a  largs  nts*sr  of  tssta  to  study  the  neuropsychic 
sphere,  which  were  directed  towards  ths  manifestation  of  asntal  fatigue.  These 
taste  Include:  a  proofreading  test  (the  astronaut  had  to  loudly  call  out  geometric 
figures  that  ware  drawn  on  a  table:  e.g.,  a  rhomboid,  triangle,  square,  and  others)} 
the  reading  rojli >  was  astaralnsd  toy  an  Instruction  (borlsantal  reading,  across 
one  figure,  vertical  reading,  across  two  figures,  end  others)}  s  numerical  test: 
mental  arithmetic ;  determination  of  "tense  of  tins"  (preservation  of  the  ability 
to  count  off  a  specific  time  Interval  without  a  stop  watch).  These  investigations 
showed  that  under  conditions  of  prolonged  weightlessness  a  man  can  perform  various, 
quite  complicated  tasks.  Investigations  under  laboratory  conditions,  where  the 
various  aapects  of  apace  flight  ware  simulated  —  prolonged  Isolation  [93,  125- 
*99,  577],  control  processes  [50,  567,  602],  various  activity  [625,  803]  -  made  It 
possible  to  reveal  a  large  nuefeer  of  Interesting  facts  not  only  with  respect  to 
work  capacity,  but  also  with  respect  to  the  state  of  the  vegetative  functions. 

Thus,  a  close  relationship  between  the  research  methods  employed  for  evaluating 
the  neuromuscular  and  vegetative  functions  of  an  organism  Is  noted. 

We  attempted  to  develop  a  specialised  program  for  Investigating  work  capacity 
on  the  basis  of  studying  various  reactions  and  loads.  We  took  three  circumstances 
into  account. 

1.  In  the  process  of  executing  the  program,  the  organism  of  the  test  subject 
should  be  consecutively  on  different  functional  levels:  complete  rest,  ordinary 
activity,  tenae  mental  activity,  and  tense  muscular  activity, 

2.  Three  types  of  reactions  must  be  recorded:  indirect,  by  way  of  the  2nd 
signal  system;  evoked  by  the  let  signal  system}  vegetative  (unconditioned)  reactions. 

3.  Physiological  functions  which  characterize  the  state  of  the  cerebral 
cortex,  the  muscular  system,  respiration,  and  blood  circulation  must  be  recorded. 

After  selecting  a  task  envolvlng  a  light  tableau  as  the  mental  load  by  means 
of  the  conditioned-motor  method,  and  work  on  a  dynamometer  as  the  muscular  load, 
we  encountered  difficulties  In  selecting  an  activity  which  would  be  "ordinary." 
Finally,  we  decided  on  a  writing  test  Milch,  under  flight  conditions,  consisted 
In  the  task  of  keeping  a  diary  and,  apparently,  did  not  cause  Increased  tension  in 
the  astronauts.  The  processes  of  written  language  sure  among  the  dally  actions  of 
almost  anyone  and  are  essentially  well  automated  motor  skills.  The  investigation 
of  the  processes  of  written  language  1s  presently  of  interest  not  only  to 
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specialists  in  forensic  medicine  [168]  an.i  psychiatry  [164],  but  alBO  to  engineers 
working  in  the  field  of  the  problems  of  identifying  images  [502]. 

We  will  latter  describe  two  new  methods  —  dynamography  and  graphometry  (the 
recording  of  written  language)  -  which  wcr<  developed  specially  for  purposes  of 
programmed  research  under  space  flight  conditions,  and  we  shall  then  give  an 
account  of  a  specialized  program  and  its  teat  results. 

An  electrodynamograph  was  developed  at  our  suggestion  for  recrodlng  dynamo- 
grams  (v.  R.  Freydel'  and  associates).  Its  scale  was  linear  In  a  range  of  up  to 
lj0  kilograms;  the  use  of  a  potentiometer  provided  a  frequency  range  fro*  zero, 
strength,  endurance,  and  fatigue  can  be  studied  with  the  aid  of  an  electrodynamo- 
meter.  Strength  measurement  is  an  extremely  simple  procedure  and  does  not  provide 
su.  ficient  information  for  evaluating  work  capacity.  Endurance  is  usually  studied 
or:  the  basis  of  the  time  of  sustaining  a  force  that  is  equal  to  half  of  the  maxi¬ 
mum  [6?,  217]  or  with  respect  to  the  amplitudes  of  strength  in  the  beginning  and 
at  the  end  of  a  given  time  interval,  during  which  a  force  close  to  malmum  is 
sustained  [71]. 

Tile  study  of  fatigue  was  conducted  by  the  ergography  method.  The  test  subject 
was  assigned  a  compression  rate  and  force  (or  these  parameters  were  arbitrary) 
and  work  capacity  was  then  considered  within  the  limits  of  a  specified  time 
interval.  With  the  aid  of  the  dynamograph,  it  was  possible  to  record  responses 
during  the  investigation  of  conditioned  motor  reactions.  Together  with  the 
dynamogram,  an  electromyogram  of  the  forearm  flex  or  longus.  Silver  electrodes 
were  attached  with  paste  by  means  of  elastic  cuffs  in  the  upper  and  lower  third 
of  the  forearm  (Fig.  91).  As  it  is  known,  during  muscular  fatigue  there  occurs 
an  Increase  in  the  amplitude  and  a  decrease  in  the  frequency  of  the  biopotentials 
[566,  698,  604,  747].  The  recording  of  a  dynamogram  together  with  an  electro¬ 
myogram  is  known  as  ergoelectrom&'ography.  This  method  makes  it  possible  to 
quickly  determine  the  approach  of  fatigue  on  the  basis  of  the  opposite  directivity 
of  changes  in  recordings;  in  the  dynamogram  it  is  a  decrease  in  amplitude,  and  in 
the  electromyogram  it  is  an  Increase  in  amplitude  [628]. 

A  new  method  for  investigating  written  language  is  based  on  recording  the 
movements  of  the  writing  implement  (pencil).  In  distinction  from  N.  M.  Rachkov's 
method,  which  is  described  by  A.  I.  Mantsvetova  and  V.  F,  Orlova  [168],  in  our 
method  the  forces  applied  to  cue  pencil  point  during  writing  are  not  recorded; 

1  in  speed  and  direction  of  its  movement  at  each  given  moment  of  time  are 


recorded  [200]. 

The  instrument  consist*  of  two  wooden  (or  plastic)  platforms  that  are  rigidly 
connected  by  Mens  of  four  flat  spring  eleasnts  made  from  organic  glass  (Pig.  92) . 
The  autual  translocation  of  platforms  is  possible  only  in  a  direction  perpendicular 
to  a  spring  plane.  Inside  the  instrument  there  are  a  permanent  magnet  and 
induction  coils  which  are  attached  to  the  opposite  platforms  in  such  a  way  that 
the  induction  current  at  the  coll  output  is  maximum  during  their  mutual  transloca¬ 
tion  (together  with  the  platforms).  To  remove  the  various  interferences  of  a 
mechanical  and  electrical  character,  a  capacitance  on  the  order  of  5-10  mf  is 
connected  in  parallel  to  the  coll.  If  a  sheet  of  paper  is  placed  on  the  upper 
platform  of  the  instrument  and  some  letter  or  number  is  written  on  it,  the  move¬ 
ments  of  the  pencil  will  be  transmitted  to  the  platform  and  cause  it  to  move. 

Due  to  this,  in  the  coil  there  will  appear  an  Induction  current  that  is  proportional 


1  • 
Fig.  92.  Instrument  for  invectigations  of  written  1 
language.  B  —  upper  platform:  p  —  lower  platform;  M  — 
magnet;  L  —  inductance  coil;  n  —  device  for  securing 
paper;  n  -  springs  (organic  glass);  C  -  capacitor; 
a,  C  —  outputs  to  recording  instrument. 


to  the  speed  of  motion  of  the  pencil  end  t he  alive  of  the  angle  formed  by  the 
direction  of  displacement  of  the  platform  and  the  direction  of  motion  of  the 
pencil.  A  maximum  signal  at  the  instrument's  output  is  obtained  when  these 
directions  coincide.  Maximum  output  voltage  does  not  exceed  0.5*1  mv  and  the 
signals  mere  recorded  by  meane  of  conventional  EKO  channel.  To  facilitate  work 
with  the  lnetrument,  the  paper  le  precut  to  the  else  of  the  upper  platform  and 
secured  by  a  clamp  from  the  folder. 


a 


b 


F* 


- - 

— 


Fig.  93.  Oscillograms  of  the  letters  Q  and  I  which  were 
obtained  during  horlsontal  (a  and  b)  and  vertical  { c  and  d) 
movement  of  upper  platform. 


Figure  93  Illustrates  oscillogram  of  the  letters  ID  and  E  which  were  obtained 
with  the  aid  of  the  described  instrument.  The  inscriptions  of  these  letters  are 
very  similar  and  they  consist  of  an  identical  number  of  elements.  If  the  letter  31 
Is  turned  at  90°  clockwise,  the  letter  E  will  be  Obtained.  The  oscillograms  of 
the  letters  1  and  E  which  were  written  horizontally  are  analogous  to  the  oscillo- 
grams  of  the  letters  E  and  ID  which  were  written  vertically.  This  le  related  to 
the  fact  that  the  elements  which  coincide  in  direction  with  the  direction  of 
platform  translocation  of  the  instrument  have  the  greatest  amplitude.  The  sequence 
of  writing  the  elements  of  the  indicated  letters  is  determined  very  well  on  the 
oscillograms.  Figure  9*  illustrates  on  oscillogram  of  the  nuafeer  6  and  the 
methods  of  analyzing  it.  At  can  be  teen,  a  very  precise  time  and  amplitude 
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n«.  9*.  owiimm  of  tha  auftar  *«.• 

Characteristic  points  ana  Npwti  of  tha  graphic 
teplstloi  af  tt>  noaher"6*  am  abown  on  tha 
diagram  at  left  osatsr.  At  hattaa  right  under 
tha  aaelUagraa  la  a  tlaa  graph  of  notions,  and 
on  tha  laft  la  a  dlagraa  of  tha  apaad  of  tha 
notions. 

analyala  of  written  languaga  la  poaalhla. 

A  conslda ration  of  tha  axaaplaa  given  ah ova  shows  that  tha  new  method  aakaa 
It  poaalhla  to  objectively  analyse  tha  aotor  aot  that  la  performed  In  tha  procaaa 
of  wrlttan  languaga  froa  tha  point  of  vlaw  of  lta  following  indict bi 

a)  tha  duration  of  tha  antlra  aotor  aot  and  lta  aaparata  elements; 

b)  tha  apaad  of  aaparata  aotlona} 

c)  tha  dlractlon  of  action  whan  axacutlng  aach  alaaant; 

d)  tha  sequence  of  alaaanta  of  tha  aotor  aot. 

It  la  natural  that  tha  abort -do ac riba d  a lap la  varslon  of  tha  lnatruaent  does 
not  make  It  poaalhla  to  reveal  all  tha  possibilities  of  tha  aathod.  In  particular. 
In  our  opinion,  an  laportant  rola  could  ba  played  bp  tha  vactor  principle  of 
analyala  in  which  all  thraa  notion  ooaponanta  would  ba  raoorded.  It  la  quite 
probable  that  tha  ahapa  and  araa  of  certain  loops*  *nd  also  tha  dlractlon  of 
notion  of  tha  vac tore  of  aach  elsnant.  will  considerably  aspand  tha  information 
on  tha  aotor  acta  of  wrlttan  languaga.  ' 

A  specialised  prograa  waa  devaloped  for  Investigating  work  capacity.  The 
total  tlaa  of  lnvaatlgatlon  la  7  alnutaa.  tha  prograat  anticipate*  three  standard 
writing  tssts:  tha  background,  aftar  asntal  exercise,  and  after  physical  exercise. 
8om  of  tha  research  methods  are  electrocardiography,  selaaocardlography , 


pnemography,  and  arterial  osclllography.  The  Indicated  program  was  tested  during 
a  20-day  experlaent  under  conditions  of  isolation  and  limited  mobility.  Programing 
of  work-capacity  investigations  made  it  possible  to  detect  a  number  of  ohanges  at 
the  end  of  the  experiment  which  indicate  the  absence  of  fatigue  phenomena.  The 
analysis  of  vegetative  reactions  and,  in  particular,  the  rhythm  of  heart  contractions 
Is  of  mich  interest.  Table  24  shows  the  dynamics  of  RR  interval  of  an  electro¬ 
cardiogram  in  the  process  of  executing  a  specialised  progressed  investigation. 

The  data  obtained  from  one  of  the  test  subjects  in  the  beginning  end  at  the  end 
of  the  experiment  are  given.  An  analysis  of  the  table  information  gives  us  a  basis 
to  consider  that  toward  the  end  of  the  experiment  there  is  a  certain  increase  in 
tonus  of  the  parasympathetic  nervous  systsm.  Investigations  were  conducted  during 
thv  flight  of  the  "Voskhod”  on  a  combined  program  which  was  formulated  on  the  basle 
of  several  specialised  programs  (D.  o.  Maksimov).  The  program  consisted  of  several 
parts  ( four) . 

1.  Investigation  of  the  central  nervous  system,  i.e.,  recording  an  electro¬ 
encephalogram  with  eyes  open  and  closed. 

2.  Investigation  of  muscular  work  capacity,  i.e.,  recording  a  dynamogram 
(60  compressions  of  hand  dynamograph  at  a  rate  of  one  per  second). 

3.  Investigation  of  precise  motor  coordinations  by  means  of  recording  the 
motions  of  the  writing  Implement  in  the  process  of  writing  (with  eyes  open  and 
closed) . 

4.  investigations  of  the  functional  state  of  the  vestibular  apparatus,  i.e., 
recording  an  electrooculogram  during  the  performance  of  vestibular  tests  (stimulation 
of  vestibular  apparatus) . 


Table  24.  Some  Static  Indices  of  a  Dynamic  Number  of  RR  Intervals  of  an 
Electrocardiogram  During  the  Execution  of  a  Specialised  Program  of  Medical 
Research  Under  the  Conditions*  of  a  Prolong**}  **P*HTT1* _ 


Activity  of  tester  « 

L  -  *»d 

day  of  exoariiM 

15th  day  of  experiment 

1,  tec 

mm 

MU 

rrrm 

i,  •«( 

Ubi 

sec 

Sits  calmly,  with- 

e.9 

0.02 

0.106 

out  tension  .... 

0,74 

0.066 

0.25 

12.5 

0.4 

Writes  (1).  ....  . 

0.74 

0  074 

10. 0 

0.35 

0.77 

0.094 

12,5 

0.5 

Responds  to  con¬ 
ditioned  signals.  . 

0.66 

0.055 

0.3 

0.20 

0.72 

0.074 

10.2 

0.35 

Writes  (2) . 

0.75 

0.062 

10.9 

0.4 

0.77 

0.065 

11.0 

0.35 

Dynamography . 

0,07 

0.072 

10.7 

0.3 

0.74 

0.059 

7.9 

0.3 

Writes  (3) . 

0.75 

0.068 

9.0 

0.35 

0.75 

0.067 

0.9 

0.3 
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Qm  ti m  of  execution  of  the  entire  progren  on  the  whole  nu  calculated  lrv 
euoh  o  Mp  oo  m  to  perfom  consecutive  recording  of  oil  the  indicated  parameter*, 
the  progranned  research  woo  conducted  by  the  physician  on  hiaeelf  end  on  the  otner 
■where  of  the  orew  in  the  beginning,  middle,  end  et  the  end  of  the  flight.  Some 
unique  scientific  dote  were  obtained. 


CHAPTER  10 

METHODS  FOR  STUDYING  THE  VFSTXBULAR  APPARATUS 

After  vestibular-vegetative  end  vestibular-sensory  disorders  were  detected 
In  G.  S.  Titov* e  flight  [294],  the  physiological  measurements  began  to  Include 
parameters  which  make  It  possible  to  characterise  the  functional  etate  of  the 
vestibular  apparatus.  The  vestibular  apparatus  lo  closely  related  to  numerous 
analysers  (kinesthetic,  optic,  auditory)  and,  together  with  them,  performs  the  task 
of  spatial  orientation.  V.  F.  Undrits  [303)  considere  the  following  ways  of 
Investigating  the  vestibular  apparatus: 

1)  a  study  of  the  sensitivity  to  adequate  (accelerations)  and  inadequate 

(temperature,  electricity)  stimulations; 

2)  an  investigation  of  the  state  of  the  vestibular  analyser  during  a  known 
working  load  (e.g.,  during  rotation); 

3)  an  evaluation  of  the  reflex  reactions  that  accompany  stimulation  of  the 
vestibular  apparatus. 

Investigations  under  space  flight  conditions  used  all  of  these  methods. 

A  set  of  four  special  tests  was  developed  which  alternate  coordination  and 
loading  tests  (295).  These  testa  consisted  in  evaluating  spatial  orientation 
with  eyes  closed  and  open,  performing  a  series  of  inclinations  of  the  head  and 
trunk,  and  finger-nose  tests,  a  determination  of  the  possibility  of  performing 
precise  coordinated  actions  (writing,  drawing,  with  visual  control  and  without  it). 

In  estimating  the  various  reflex  shifts  caused  by  vestibular  stimulations, 
of  much  value  was  the  complex  evaluation  of  all  the  remaining  recorded  parameters: 
electrocardiogrsm,  respiration,  electroencephalogram.  Starting  with  A.  0. 
Nlkolayev's  flight,  the  telemetry  program  included  electrooculography. 
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tee  of  the  constant  ref lax  reactions  oa  the  part  of  the  striated  muscles  in 
response  to  stlaulatlon  of  the  ampullar  portion  of  tha  vestibular  analyser  Is 
nyste^nis.  There  are  aaay  aethods  for  studying  nystsgaue  [568,  305,  552,  654,  263, 
264], 

The  eleetroooulcgrftp  jr  aethod  has  boon  tsglojrsd  extensively  for  the  purpose 
£569,  965,  706,  5W,  *3T,  1M,  70»]|  it  Sltg|mglW  «  possible  to  record  nystagmoid 
Movements,  llsctrooo al ogragmr  uses  the  rmTitlng  of  chsn<as  in  potential  difference 
that  appear  during  eyeball  aovsaant.  It  la  known  that  the  anterior  pole  of  the 
eyeball  la  electrloally  positive  with  respect  to  the  posterior  pole.  If  nonpolar ing 
electrodes  ere  applied  la  the  region  of  the  external  and  Internal  conthl,  It  Is 
possible  to  record  the  change  In  potential  difference  during  eye  movement  to  the 
right  or  to  the  left.  Jlgr  placing  electrodes  Jieer  the  upper  end  lower  edge  of  tha 
aye  orbit,  it  it  possible  to  record  vertical  translocations  of  the  eyeball. 

The  perforaanee  of  electroocn 1 egrsphy  ugier  oondltlgne  of  a  multiday  space 
flight  entails  many  methodological  difficulties. 

Thus,  it  le  practically  impossible  to  employ  nonpolarising  electrodes.  It 
Is  impossible  to  ensure  reliable  contact  of  sleetrodes  with  the  akin  for  a 
prolonged  length  of  time  when  tha  electrodes  are  located  In  the  above-mentioned 
points.  Therefore  11  wee  required  to  modernise  the  method  end  to  develop  a 
procedure  for  recording  electrooculograsw  under  specific  conditions. 

Electronculograar  were  recorded  in  the  first  two  flights  with  the  use  of 
silver  electrodes  tnat  were  built  into  epring-type  plastic  Inserts  end  securely 
connected  to  the  helmet.  The  electroUee  were  pressed  tightly  to  the  skin  in  the 
region  of  the  cheekbone  near  the  external  cantul  of  both  eyes.  Eye  movements  to 
the  right  and  to  the  left  caused  both  ths  appearance  of  biopotentials  related  to 
eyeball  movement  and  also  action  potentials  of  the  facial  and  oculomotor  muscles. 
The  magnitude  of  tha  potentials  was  50-100  microvolts.  This  demanded  the 
application  of  a  preamplifier  with  in  amplification  factor  of  about  SO.  Alternating 
current  amplifiers  were  use4|  t bees fore,  the  electrooculogram  was  recorded  as  the 
first  derivative,  l.c.,  e  speed  curve  [494,  799] • 

t 

Electrooculograms  recorgad  with  the  aid  of  the  Indicated  method  have  several 
components?  those  which  reflect  eys  movement,  blinking,  and  activity  of  the 
facial  muccles.  nystagmus  has  a  well-defined  typical  form  on  an  electrooculogram. 

A  method  of  electrooculogram  recording  by  moans  of  detachable  electrodes 
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located  In  direct  proximity  to  the  external  canthl  and  connected  to  amplifiers 
with  the  aid  of  pushbutton  plug  connectors  with  outputs  on  the  helmet  was 
subsequently  developed  (D.  G.  Maksimov).  This  method  provides  more  qualitative 
recording,  but  requires  preliminary  instruction  and  training  of  astronauts. 


fig.  95.  Sample  of  electrooculogram  recoxding  during 
V.  F.  Bykovskiy* a  flight . 


The  electrooculography  method  was  applied  in  four  flights,  whereby  in  the  last 
two  (on  the  "Vostok-5"  and  "Vostok-6")  electrooculogram  and  selsmocardiogram 
recording  was  applied.  Simultaneous  recording  of  two  parametars  with  different 
frequency  responses  on  one  channel  turned  out  to  be  very  effective.  There  were  no 
difficulties  in  analyzing  the  telemetry  information.  Tha  amplitude  of  the 
selsmocardiogram  in  the  beginning  of  the  flight  was  very  low  in  view  of  the  shunting 
of  the  seismotrenaducer  by  a  low  Interelectrode  resistance.  As  a  result  of  the 
electrodes  drying,  there  occurs  e  gradual  increase  in  Interelectrode  resistance 
and  the  amplitude  of  the  aeiamocardiogram  is  increased  with  a  certain  decrease 
in  amplitude  of  the  electrooculogram. 

According  to  electrooculography  data,  it  la  possible  to  evaluate  the 
following:  oculomotor  reactions;  oculomotor  activityi  speech  reactions  of  the 
astronaut;  checking  for  the  presence  of  nystagmoid  reactions. 

Various  types  of  the  electrooculographic  curve  were  detected  in  flight. 

Figure  95  illustrates  samples  of  recordings  of  single  end  group  movements, 
muscular  stresses,  and  nystagmoid  movements.  Oculomotor  activity,  which  can  be 
evaluated  according  to  the  number  of  eye  movements,  is  of  interest.  Thus,  in  the 
beginning  of  V.  F.  Bykovskiy's  flight  there  were  observed  from  100  to  180  eye 
movements  per  minute;  toward  the  end  of  the  flight,  they  Mounted  to  18-30  par 
minute.  Vestibular  teats  also  are  expressed  very  well  on  Ian  [K00]  (30T). 

The  "Vast ok"  flights  demonstrated  the  individual  character  of  vestibular 
reactions  during  the  prolonged  action  of  weightlessness.  The  manifestations  of 
the  vestibular  reactions  were  also  different.  In  0.  8.  Titov  there  predominated 
vestibular-sensory  changes,  although  on  the  part  of  the  vegetative  functions  there 


-249- 


mn  «bi«md  definite  changes,  auefa  as  «vnn*d  put**  fluctuation,  lengthening 
of  th*  electromechanical  delay  in  the  cardiac  cycle,  sag  others.  In  P.  R.  Popovich 
there  were  observed  only  illusions  of  position  in  the  first  minutes  of 
weightlessness .  In  7,  7,  Tereshkova,  who  hod  no  subjective  complaints,  several 
•ourosomotle  and  vipeltlne  shifts  were  noted.  At  present,  th*  concept  of  th* 
solatium  poodsnlnsne*  Of  ptlsatlea  from  the  vestibular  analyser  with!  a  lowering 
In  activity  of  other  affaraat  system,  in  particular  a  decrees*  in  pulsation 
fron  the  pmprloeaptora  [«6],  la  being  advanced  as  the  min  hypothesis  of  the 
ar>paaaonm  of  vestibular •»veget lea  disorder*  in  weightlessness.  As  a  result  of 
an  Inorsass  in  activity  of  the  veatibular  centers,  there  can  appear  various  reflex 
reset lom.  however,  there  are  aim  other  opinions  [180],  Thus,  the  appearance  of 
fwnctlonski  shifts  am  be  related  to  relative  hypoxia  of  th*  brain  as  a  result  of 
o  possible  decrees*  in  eordlnc  work.  A  definite  role  Is  apparently  plsyed  by  the 
lntTveleeiemhlf*  bobmm  the  oertex  end  nhcortex,  the  type  of  higher  nervous 
activity,  the  excitability  of  euhcortlcsl  centers,  and  other  factors ,  The  data  that 
have  been  natal usd  to  the  present  time  do  not  make  It  possible  to  express  e  final 
conclusion  an  the  mehflnlsm  of  vestibular-vegetative  shifts  under  weightless 
conditions,  further  Investigations  in  this  direction  are  necessary. 

■lsctrooculography  Is  undoubtedly  an  important  method  for  determining  nystagmus, 
symmetry  of  eyeball  movements  whan  performing  vestibular  teats,  and  general 
oculomotor  activity.  The  farther  Improvement  I  of  this  method  should  proceed  in  two 
direction*  s  improvement  of  th*  methods  of  loading  off  biopotentials  and  development 
of  appropriate  fractional  tests.  The  eiaultaaoaus  recording  of  horizontal  and 
vertical  eyeball  aoveamnts  and  vector  aleetreooulo<pram  are  of  interest. 

To  investigate  th*  sensitivity  of  th*  vestibular  apparatus,  ir.  addition 
to  adequate  stimulations  (wad  movements).  Inadequate  electrical  stimulations  are 
proposed  [261],  As  It  Is  known,  electrical  stimulation  of  the  vestibular 
apparatus  was  used  as  a  diagnostic  test  by  physician-astronaut  B.  B.  Yegorov  during 
the  investigations  conducted  on  the  "Voskhod"  spacecraft. 

In  investigations  of  tigs  vestibular  apparatus ,  besides  eyeball  movements, 

,*  j 

trunk  movements  [754]  rad  hehd  movements  are  Considered,  for  objective  recording 
of  these  movements,  special  pickups  located  in  the  astronaut's  helmet  [534]  era  be 
used.  The  above-described  selsaocardlograpbic  pickup,  which  is  attached  to  the  head, 
also  omn  be  used  for  these  purposes. 
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It  is  expedient  to  device  multicomponent  sslsmotransducers  with  separate 
sensors  for  etch  mutually  perpendicular  direction. 

Investigations  of  head  movements  are  important  both  for  the  characteristics 
of  the  accuracy  in  performing  vestibular  tests,  and  also  for  evaluating  the  reflex 
reactions  in  response  to  stimulation  of  the  vestibular  analyser.  It  le  necessary 
to  Improve  the  methods  for  evaluating  other  reflex  reactions  alsot  e.g., 
somatic  and  vegetative.  As  it  is  known,  ont  of  the  manifestations  of  vestibular- 
somatic  d' 'orders  is  e  disturbance  of  motion  coordinations.  During  the  "Vostok" 
flights,  special  teats  ware  conducted  to  evaluate  motion  coordination  [S294*  ]» 
which  included  writing  teste  that  consisted  in  tracing  various  geometric  figures 
with  the  eyes  open  and  closed.  An  important  role  in  evaluating  the  state  of  the 
vestibular  apparatus  Is  played  by  the  analysis  of  the  various  vegetative  reactions, 
pulse,  and  body  temperature  (160,  161,  182].  There  are  invest igatione  which 
Indicate  the  influence  of  vestibular  stimulations  on  the  electrical  potentials 
of  the  stomach  [265], 
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CHAPTER  11 

FUTURE  TRENDS  W  THE  DEVELOPMENT  OF  PHYSIOLOOIOAL  RESEARCH 

IN  ASTRONAUTICS 

The  great  achieves)  ante  of  space  biology  end  medicine  ..-In  the  solution  of 
problems  related  to  flight  experiments  with  animals  and  the  "Vostok"  flights  to 
a  considerable  extent  were  due  to  the  application  of  physiological'  methods  for 
in-f light  monitoring  and  research.  The  first  steps  of  space  physiology  Involved 
the  neoesslty  of  studying  basically  the  moat  Important  systems  of  an  organism 
from  the  point  of  view  of  general  vital  activity  end  work  capacity!  the 
circulatory  and  respiratory  apparatus,  the  neuromuscular  system,  and  the  vestibular 
analyzer.  However,  for  an  exhaustive  study  of  the  physiology  of  animals  and  humans 
in  space  flight,  the  functional  state  and  other  systems  and  organs,  and  also  the 
physiological  mechanisms  which  unite  and  regulate  their  work,  should  be  analysed 
and  evaluated  [552]. 

Just  as  there  exist  physiological  constants  of  a  healthy  Individual  for 
terrestrial  conditions  [655]*  similar  constants  must  be  created  for  life-support 
conditions  in  outer  space.  Without  a  clear  concept  0/  the  specific  character 
of  the  norm  and  pathology  in  space  flight.  It  is  neither  possible  to  realise 
reliable  medical  monitoring  of  an  astronaut  nor  to  automate  this  process.  Finally, 
this  is  related  to  the  development  of  measures  that  must  he  taken  to  anaure  normal 
functioning  of  the  organlem  In  conditions  that  are  unusual  for  it  and  optimisation 
of  man1 a  relationship  to  the  epaceehlp  eysteae.  The  expansion  of  our  knowledge 
in  the  field  of  epace  physiology  will  undoubtedly  proceed  towards  the  creation 
of  various  models  on  Earth,  hut  the  basic  means  of  obtaining  new  Information  on 
the  Influence  of  epace  factors  on  a  living  organism  will  remain  the  flight  experiment. 
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1  Am  of  the  aoot  important  took*  of  apaee  physiology  consists  of  creating 
f  fewdatian  for  constructing  a  "apses"  disease  clinic.  Without  taking  into 
tHMNMt  the  poiltbli  disease  rate  of  interplanetary  crews,  it  la  impossible  to 
>"  BUn  long-ten  and  long-range  flights.  Without  a  knowledge  of  the  phyalologicai 

!V  :<»r 

regularities  of  the  gitaaam  of  vital  aetlrlty  under  apace  flight  condition* 

•nd  during  the  aetian  af  anatom  fee  tare,  t%  la  impossible  to  imagine  the  probable 
diaeaae  rata  in  flight.  In  recent  year a,  raaoaroh  work  In  the  area  of  the  clinical 
aapeota  of  aatraaautlca  has  boon  conaiderobly  in ten* if led.  Thus,  Berry  [327] 
oonaldara  in  detail  the  problem  of  the  application  of  druga  in  prolonged  apace 
flight.  P.  V.  Vaall'yev  and  V.  fa.  Belay  have  inveatigated  the  influence  of  varloua 
pharmacologic  means  [ij].  Waggoner  [T®5]  inveatigated  the  possible  disturbances 
of  the  state  of  health  under  apace  filgd  coadltlons.  A  comparative  appraisal  of 
the  psychological  characteristics  of  satrcnoata  and  Antarctic  scientists  is  of 
interest  [785 ].  Thera  have  been  works  which  consider,  for  Instance,  the  possible 
changes  on  the  part  of  tha  blood  system  or  the  procedure  for  investigating 
lmauno-blologloal  problem  in  space  [460,  46i,  860,  588].  A  survey  of  data  on  the 
problem  of  expanding  tha  range  of  physiological  investigations  in  space  flight 
will  be  given  later. 
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The  considerable  physical  and  emotional  loads  In  apace  flight,  and  also  the 
rearrangement  of  a  number  of  functions  caused  by  new  physical  conditions 
(weightlessness),  should  also  cauaa  definite  changes  in  metabolism  and  energy 
exchange.  It  is  known  that  enargy  exchange  depends  on  the  cycle*  of  sleep,  rest, 
and  work  (407,  766],  and  also  on  emotional  stresses  [636].  Investigations  of  this 
problem  are  extremely  important  for  the  solution  of  a  number  of  practical 
problems  of  astronautlosi  selection  of  the  design  and  operating  conditions  of 
air-conditioning  and  heat -regulation  system,  substantiation  of  requirements  with 
regard  to  feeding  astronauts,  and  the  development  of  a  rational  program  of  work 
and  reat  in  flight. 

The  first  attempts  of  Investigating  energy  exchange  and  thermoregulation 
in  space  flight  were  made  during  the  first  flight  experiments  with  animals. 

e 

Ye.  Ya.  Shepelev  proposed  a  simulator  instrument  that  mads  it  possible  to  study 
the  thermal  balance  cf  an  animal  and  its  environment,  lie  investigated  the  skin 
temperature  of  animals. 
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Animals  the  room  e  try  was  conducted  with  the  aid  of  flat  thermistor  pickups 
that  were  built  into  a  rubber  casing.  The  pickups  ware  placed  in  the  region  of 
the  back  and  front  extremities.  The  pickups  were  connected  to  a  potentiometer 
circuit  with  a  vacuum-tube  dc  amplifier  with  the  aid  of  a  commutator  onoe  every 
20  sec.  Reading  was  performed  according  to  the  recording  level  end  a  calibration 
curve.  The  temperature  standards  of  animals  were  preliminarily  studied  in  the 
two  indicated  points.  The  average  temperature  In  these  regions  wee  equal  to 
36  and  37.5°C*  respectively.  In  the  couree  of  flight*  cabin  temperature  end 
humidity  were  measured  simultaneously,  which  mada  It  poaalble  to  obtain  an  idea 
of  the  character  of  thermoregulation  under  weightless  conditions. 

Investigations  of  the  energy  exchange  in  humane  can  osa  the  data  obtained 
during  the  investigation  of  perspiration  [517]  and  monitoring  of  the  temperature 
of  space  below  the  pressure  suit,,  the  temperature  end  gee  composition  of  cabin 
air,  and  the  operating  conditions  of  the  air-conditioning  system.  However*  this  la 
all  indirect  data.  Diract  investigations  of  ansrgy  exchange  cen  be  baaed  on  a 
study  of  gaseous  interchange.  Ford  end  Helerateln  [434 ]  present  a  formula  for 
determining  energy  expenditure  in  kilocalories  per  minute  fp%)  depending  upon 
pulmonary  ventilation  in  liters  per  minute  (JB)s 

88  —  —  0,62  +  0,171  JIB. 

There  are  data  on  the  possibility  of  determining  energy  exchange  according  to  the 
amount  of  oxygen  consumed  by  the  organism  per  unit  time*  and  according  to  average 
body  temperature,  which  is  porportional  to  basal  metabolism.  Investigations  of 
metabolism  and  energy  exchange  can  be  carried  out  on  the  baela  of  the  "food 
ration"  method  (exact  calculation  of  calorlclty  of  food  takan)  with  monitoring 
of  body  weight.  Finally*  it  In  quite  possible  to  employ  the  method  of  direct 
calorimetry  inasmuch  as  the  cabin  of  a  spaceship  is  a  natural  calorimatar  and 
it  is  necessary  only  to  equip  It  with  appropriate  pickups  for  measuring  the  heat 
given  off  by  a  human  or  animal.  In  addition*'  the  methods  of  mathematical 
analysis  of  the  dynamic  of  vegetative  functions  during  apportioned  loads  appear 
very  promising  to  ua.  There  is  information  on  the  presenoe  of  e  definite 
relationship  between  e  number  of  physiological  functions  and  ths  state  of  metabolism 
and  energy  exchange,  lAt  ua  recall*  for  instance,  that  practical  medicine  uses 
the  empirical  method  of  estimating  body  temperature  according  to  pulse  rate*  and 
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r«  IN  |tod  correlation  of  pula*  rot*  with  the  magnitude  of  energy 

WUrtthW  la  ladlontod  in  a  largo  number  of  investigations  [>43,  61?].  Pulaa 

■* 

la  proportional  to  tody  t— paraturs  ant  oxygon  consumption  during  work  [503], 
ami  tha  QT  interval  eorralataa  with  tha  magnitude  of  baaal  watabollao  [491],  A 
UmiHwoa  of  tha  aaafcaaga  in  tha  auaclaa  tan  ba  aatabllahad  electromyogrephically 
>ff06].  tm  fw— tigHan  of  metabolism  cm  tha  callular  lawal  la  of  lntaraat, 
lnoitah  aa  gravitation  ohwgaa  aan  lnfluanea  tha  eondltiona  of  tranaloeatlon  of 
natrlanta  and  tha  elimination  of  wdata  notarial.  Oantrlfuga  axperlaanta  indleatad 
that  tha  rata  of  tha  aatabello  proaaaa  ehangaa.  Aircraft  experiments  atudlad 
tha  lnflaaaea  of  brlaf  walghtlaaaaaaa  on  anoaba  activity.  It  waa  vlaually 
aatabllahad  that  tha  apaad  of  lta  movements  Inc root aa,  which  lndicataa  the 
lnfluanea  of  walghtlaaaaaaa  on  tha  aatabollan  and  anargy  prooaaaaa  In  a  call  [650]. 


Dlaaatloo 

Tha  dlgastlva  procaaa  playa  a  laadlng  rola  in  providing  constant  augmentation 
of  anargy  and  building  resources  of  an  organlaa.  In  tha  digestive  channel  there 
occurs  mechanical  and  ohamlcal  procaasing  of  food,  and  alao  auction. 

Investigations  of  dictation  under  apace  flight  conditions  are  very  difficult 
in  view  of  tha  inapplicability  of  tha  majority  of  known  laboratory  methods. 

Indeed,  there  exist  proposals  on  tha  application  Pavlov's  fistula  for  studying 
digestion  under  flight  eondltiona  [400], 

Quantitative  methods  of  evaluating  salivation  and  gastric  secretion  have  been 
sufficiently  developed.  Moreover,  tha  first  experiment  in  telemetric  transmission 
of  physiological  data  [265]  alao  Involved  the  recording  of  the  number  of  saliva 
drops  of  an  experimental  animal.  There  are  methods  for  objectively  recording 
the  movements  of  the  stomach  and  intestines  with  the  aid  of  the  methods  of 
Inductography  [593],  and  electrogastrograyhy  [1?6],  but  the  most  promising  is 
the  application  of  endoradloaonde  technique  [614,  615,  425,  76,  46].  There  are 
capeulea  for  investigating  temperature,  pressure,  and  aeldlty,  and  alao  for 
determining  heaatameses  [562].  Probes  have  been  described  for  studying  hyparemla 
of  the  organs  of  Che  abdominal  cavity  [492].  Pf  much  interest  are  the  passive 
capsules  which  are  twice  as  shall  sc  tha  conventional  kind.  This  type  of 
capsule  works  due  to  the  energy  of  an  external  alectromagnatic  field,  and  the 
parameters  of  its  oscillatory  loop  depend  on  the  physiological  parameters  1  e.g. , 
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temperature  and  pressure  In  the  gastrointestinal  tract  [784,  787}.  Proa  the  other 
methods  we  may  mention  the  Investigation  of  the  reactions  of  the  various  systems  of 
an  organism  in  response  to  apportioned  at  limitations  of  the  gastrointestinal 
tract.  For  instance,  we  know  of  hemodynamic  shifts  which  occur  as  the  result  of 
mechanical  stimulation  of  the  stomach  [15B],  after  eating,  and  during  mptsoriam. 

It  is  also  possible  to  consider  that  the  study  of  a  number  of  vegetative  functions, 
and  also  the  energy  balance  of  the  body  before  and  after  the  reception  of 
apportioned  food  rations,  can  give  answers  to  many  questions  concerning  the  state 
of  the  digestive  function.  It  is  possible  that  the  development  of  methods  of 
automatic  analysis  of  waste  products  (urine  and  feces)  with  the  creation  of 
corresponding  norms  for  eating  foods  of  a  specific  composition  would  be  expedient 
l'o  space  flight  conditions.  Finally,  one  of  the  possible  methods  of  studying 
digestion  in  flight  is  electroplethysmography  of  the  abdominal  cavity,  which  makea 
it  possible  to  eatimate  the  movement  of  blood  to  the  digestive  organs. 

Internal  Secretion 

The  endocrine  glandB  play  a  large  role  in  the  processes  of  reg\  .ating 
physiological  functions.  At  the  sane  time,  these  glands  themselves  are  under  the 
control  of  the  central  nervous  system.  The  severe  physical  and  nervous  stresses 
that  accompany  space  flight  can  lead  to  changes  in  the  state  of  the  endocrine 
glands.  Thus,  for  instance,  it  is  known  that  physical  work  and  emotional  stress 
cause  an  intensive  release  of  adrenaline  into  the  blood.  Data  have  been 
published  on  the  increase  of  adrenaline  and  noradrenaline  in  the  blood  during 
action  of  accelerations  [470],  and  on  the  increase  of  the  content  of  corticosterones 
In  the  urine  of  parachutists  and  pllotB  [41,  619].  Considerable  changes  in  the 
function  of  the  endocrine  glands  can  lead  to  disturbances  in  normal  activity 
of  an  organism,  and  consequently,  to  impairment  of  the  tolerance  to  the  factors 
of  space  flight. 

In  long-term  space  flights,  a  disturbance  of  the  function  of  the  endocrine 
glands  can  be  the  cause  of  various  psychic  disorders,  changes  in  the  energy 
balance  of  the  organism,  and  a  lowering  In  work  capacity. 

Two  methods  of  investigating  the  function  of  the  endocrine  glands  under  space 
flight  conditions  are  possible  1 

a)  purposeful  investigation  of  the  various  physiological  functions  with  the 
clarification  of  symptom  complexes  which  correspond  to  specific  secretory 
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to)  introduction  of  Ntrtcti  fro*  glands,  or  artificial  preparations  which 
correspond  to  tfcaa,  with  abjective  recording  of  th*  change  of  a  n unbar  of 
physiological  function*  (pel**,  [ICO)  (NT),  [FV] 

Investigations  on  animals  Mg  *m play  swrgioal  methods  for  th*  removal  and 
transplantation  of  certain  |Urii»  follow**  tor  a  study  of  tba  tolerance  of  these 
animals  to  th*  faotor*  of  apao*  flight. 

Neuroendocrine  regulation  of  physloloiloal  functions,  which  is  stipulated 
toy  th*  joint  activity  of  the  endocrine  apparatun  and  the  central  nervous  system, 
can  toe  Investigated  by  various  methods.  Thus,  we  developed  a  variational 
pulsowetry  method  to  estimate  neuroendocrine  regulation  according  to  the  state 
of  the  vegetative  nervous  ayatem,  which  deteminea,  in  turn,  th*  state  of 
th*  function  of  cardiac  autosMtlam.  Investigations  on  a  denerved  heart  would 
make  it  possible  to  analyse  th*  direct  affect  of  endocrine  influences  that  are 
transmitted  by  humoral  means. 

An  interesting  trend  in  research  on  neuroendocrine  regulation  of  an  organism 
Is  the  study  of  biological  rhythms.  This  problem  is  th*  subject  of  a  significant 
nuaber  of  works  [290,  559*  *95,  725],  including  research  on  daily  cycling  under 
th*  conditions  of  space  flights  [510,  7*0].  Biological  processes  have  various 
rhythms i  puls*  and  respiratory,  dally  and  seasonal,  those  Involved  with  a  change 
in  vascular  tonus  and  with  the  oxygen  content  In  the  blood  or  synchronisation  of 
excitable  formations.  All  these  rhythms  either  directly  depend  on  the  state  of 
the  various  neuroendocrine  systems  or  are  Indirectly  related  to  changes  in  the 
nervous  and  endocrine  systems  of  the  organism  [161].  At  present  the  search  for 
new  biological  rhythms  continues.  The  Interest  toward  slow  minute  and  hourly 
rhythms  Is  great  [623].  This  Interest  is  justified  by  th*  tendency  to  penetrate 
more  deeply  into  the  essence  of  biological  processes.  It  Is  possible,  however, 
to  assume  that  there  is  a  connection  between  th*  rhythms  and  activity  of  specific 
neuroendocrine  systems.  This  opens  up  th*  prospect  of  establishing  rhythms  that 
correspond  to  specific  neuroendocrine  systems,  and  consequently,  the  possibility 
of  objectively  studying  this  complicated  question  In  an  integral  organism  under 
the  condition*  of  apace  flight. 
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Analyr ers 

The  inseparable  relationship  or  an  organism  to  its  environment  and  its 
perfect  "self-control”  are  baaed  on  the  analysis  of  the  influences  rendered  on  the 
organism  from  the  external  and  Internal  medium.  The  analyser  systems  of  animals 
and  humans  consist  of  thrse  sections!  recaptor,  conductor,  and  cortical,  Signal# 
proceeding  from  the  receptor#  to  the  cortex  of  the  cerebral  hesiiapharaa  are  eubjec- 
tively  perceived  by  man  aa  sensations.  Sensations  are  of  much  importance  in  the 
process  of  astronaut  training  and  during  space  flight.  They  signal  about  tha 
external  world,  ensure  orientation  in  the  environment,  and  make  it  possible  to 
estimate  the  work  of  the  motor  apparatus.  However,  not  all  afferent  signaling  is 
perceived,  end  many  reflector  reactions  can  occur  without  the  participation  of 
c.:  lsclousneas.  As  an  example,  we  may  cite  the  vestibular  analyser,  the  stimulation 

u  which  causes  various  reactions  that  are  both  subjectively  perceptible  (nausea) 

a 

ard  also  imperceptible  (quickening  of  pulse).  There  are  extero-  and  lnteroreceptors. 

In  actual  space  flights,  an  especialty  large  role  belongs  to  the  exterorecep- 
t,ors.  Intero-  and  exteroreceptors  are  Interrelated  through  the  nervous  system  as 
the  links  of  a  single  receptor  system  of  the  organism.  The  methods  of  investigating 
the  vestibular  and  motor  analyzers  were  considered  r.bove.  The  methodological 
fundamental  of  the  study  of  other  analyzers  obviously  should  be  analogous  (apportioned 
stimulation  for  the  purpose  of  determining  sensitivity,  investigations  on  the 
character  of  functioning  under  a  known  working  load,  a  study  of  the  tolerance 
to  maximum  loads,  and  research  on  reflector  reactions  related  to  analyzer 
stimulation). 

The  shin  analyzer  analyzes  signals  from  the  tactile,  temperature,  and  pain 
receptors.  A  decrease  or  Increase  in  the  sensitivity  of  the  skin  analyzer  can 
lead  to  incorrect  actions  of  the  pilot-astronaut.  Therefore,  the  determination 
of  all  forms  of  sensitivity  is  very  important  in  the  process  of  astronaut  selection 
and  in  the  pre-launch  period.  During  flight,  the  stimulation  of  receptors  can  be 
evaluated  by  means  of  methods  for  recording  galvanic  skin  responses,  electro¬ 
encephalography  pulse  tachometry,  and  others. 

The  visual  analyzer  plays  an  extremely  important  role  in  human  life  since 
more  than  90%  of  all  information  about  man's  external  world  is  obtained  through 
the  visual  organ.  A  determination  of  the  sensitivity  and  functioning  of  the  visual 
organ  under  various  loads  is  definitely  necessary  when  selecting  and  training 


astronauts.  It  is  known  that  during  the  •etion  of  O*  loads  there  can  be  observed 
a  lowering  in  visual  acuity .  a  disturbance  In  color  sensation,  and  the  appearance 
of  ensures is.  Similar  phenomena  under  fll£rt  conditions  can  disturb  the 
orientation  and  work  capacity  of  an  astronaut.  The  state  of  the  visual  organ  can 
be  studied  in  flight  with  the  use  of  the  usual  methods  for  determining  visual 
acuity  and  color  sensation  as  was  dons  by  tto  physician  during  the  "Voskhod"  flight. 
Indirect  data  can  be  obtained  with  the  aid  of  electroencephalography,  and 
eleetrooeuiography.  It  is  necessary  to  study  the  problem  concerning  the 
applicability  of  electroretlnography  and  mathods  of  optical  chronaxlmetry  under 
apace  flight  conditions,  both  adequate  (P.  0.  Makarov)  [298,  302]  and  Inadequate 
(phosphine  [26]).  Conditioned  reflex  research  methods  also  can  be  used  [84], 

The  sound  analyser  is  very  important  in  vlaw  of  the  necessity  of  conducting 
radio  communications  betwean  the  astronaut  and  Earth.  An  objective  investigation 
of  hearing  can  be  conducted  with  the  method  of  galvanic  skin  audlography  [94]  in 
which  the  threshold  of  perception  la  estimated  on  the  basis  of  the  appearance  of 
a  galvanic  skin  response.  Electroencephalography  may  also  be  used.  Conditioned 
reflex  methods  car.  detect  changes  related  to  the  cortical  section  of  the  sound 
analyser  [171]. 

The  taste  and  olfactory  analysers  are  of  definite  interest  from  the  point  of 
view  of  evaluating  the  general  state  of  the  receptor  system  of  an  organism  [94], 

They  can  be  Investigated  by  using  stimuli  and  also  by  means  of  the  chronaxlmetry 
method  (for  the  taste  analyser).  An  important  role  can  be  played  by  the  application 
of  conditioned  reflex  methods. 

In  conclusion,  we  should  also  note  the  necessity  of  devising  objective 
methods  for  investigating  voice  and  speech,  which  Is  directly  related  to  providing 
for  reliable  radio  contact  between  an  astronaut  and  Earth.  Analyzers  of  the 
sound  spectrum,  and  determination  of  the  parameters  of  separate  words  can  be 
used  for  this  purpose!  their  duration,  loudnaaa,  and  frequency  composition.  The 
indirect  analysis  of  speach  can  employ  a  number  of  other  mathcdai  e.g. , 
pneumography  ana  ueismocardicgrsphy.  Special  methods  for  analyzing  the  speech 
process  for  purpose  of  creating  systems  for  automatic  speach  identification 
have  been  developed  by  V.  A,  Kozhevnikov  and  L.  A,  Chistovicn  [i4p]. 


CONCLUSION 


The  principles  of  constructing  physiological  measurement  and  Information 
systems,  and  the  selection  and  development  of  physiological  methods  compose  an 
important  ares  in  contemporary  space  biology  and  medicine*  Ah  follows  from  the 
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the  achievements  mads  in  space  technology  and  In  turn  renders  an  Influence  on 
the  organization  and  realization  of  flight  experiments  In  space. 

The  experience  gained  as  a  result  of  conducting  physiological  measurements 
in  single  and  group  orbital  flights  up  to  five  days  in  length  has  been  extremely 
valuable  both  for  a  critical  evaluation  of  everything  that  was  accomplished 
and  also  for  the  theoretical  and  experimental  development  of  problems  concerning 
long-term  and  long-range  flights. 

At  present,  the  development  of  pijyslologlcal  methods  in  astronautics  has  a 
very  multifaceted  character  and  can  be  considered  in  the  following  tnree  aspects: 
technical,  methodological ,  and  naturally,  physiological. 

The  technical  aspect  does  not  pertain  completely  to  the  prerogatives  of 
engineers,  although  it  is  mainly  Involved  with  the  development  of  pickups  and 
equipment  of  measuring  systems.  In  space  physiology,  probably  earlier  than  in 
the  other  fields  of  science,  it  was  required  to  establish  a  new  type  of 
collaboration  between  physicians  and  engineers.  The  physician  activity 
participates  in  the  discussion  of  all  engineering  problems,  while  the  engineer 
takes  part  in  medical  problems ,  The  extensive  use  of  radio  electronics, 
automation,  and  cybernetics  to  a  considerable  degree  promoted  the  contact  between 
physicians  and  engineers,  while  the  stringent  requirements  imposed  by  space 


technology  to  ths  physiological  Biuurtnwt  system  demanded  the  joint  discussion 
end  eeklng  of  a  nuaber  of  compromising  decisions,  without  which  the  realisation 
of  any  in-flight  research  would  hava  been  Impossible.  The  main  trend  in 
technical  research  in  reference  to  the  problems  of  apace  physiology  at  the  present, 
oonaiata  In  improving  the  aathoda  of  collecting  information,  the  creation  new 
bloteleaetry  and  radloelectronlc  davloaa  with  incraaaad  reliability  and  economy, 
the  microminiaturisation  of  equipment,  the  introduction  of  automation  and 
computer  technology,  and  the  further  development  new,  more  improved  designs  for 
pickups,  instruments,  and  measuring  circuits. 

The  methodological  aspect  le  related  to  the  solution  of  problems  of  the 
optimization  of  physiological  'measurements  in  apace.  The  main  trend  in 
methodological  research  is  the  search  for  the  principles  of  constructing 
physiological  measurement  and  Information  systems  in  reference  to  specific  forms 
of  flights.  The  correct  selection  of  the  measurement  principle  subsequently 
ensures  the  moat  effective  utilisation  of  spacecraft  equipment  and  maximum 
research  and  diagnostic  capabilities.  It  was  shown  that  an  Increase  In  the 
duration  and  range  of  flights  was  related  to  the  application  of  new  principles 
of  constructing  a  physiological  measurement  system. 

At  present  it  is  possible  with  sufficient  deflnitlveness  to  point  out  three 
basic  types  of  physiological  measurement  and  information  systems  5 

1)  for  "Vostok"  spacecraft  and  analogous  flights; 

2)  for  flights  lasting  from  several  weeks  to  several  months  (e.g.,  flights 
to  the  Moon  and  around  the  Moon),  when  most  of  the  research,  diagnostic,  and 
medical  work  still  can  be  carried  out  by  a  ground  staff.  These  flights  can 
take  place  both  with  the  participation  of  a  physician  and  also  without  him. 

The  possibility  of  returning  astronauts  to  Earth  in  periods  from  several  hours  to 
several  days  and  the  possibility  of  transmitting  the  necessary  volume  of 
medico-physiological  data  to  Earth  (with  the  application  of  automatic  data 
processing  systems)  are  Important  here. 

5)  for  Interplanetary  flights,  when  the  guiding  principle  is  that  of  spacecraft 
autonomy  and  the  Earth  can  render  only  consultations!  assistance  to  the  on-board 
physician. 

It  is  natural  that  under  epecific  conditions  there  also  can  exist  numerous 
transition  types  of  physiological  measurement  and  information  systems.  Moreover, 
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the  Isolation  of  these  three  basic  types  is  quite  tentative  and  ensues  from  the 
materials  that  have  bean  accumulated  to  the  present  tins.  He  do  not  exclude  that 
a  major  reconsideration  of  a  number  of  methodological  principles  will  be  demanded 
In  view  of  the  future  progress  of  astronautics  and  the  appearance  of  new  problems. 
In  particular,  it  la  possible  to  expect  the  development  of  a  apecial  trend  in 
physiological  measurements  in  reference  to  human  life  support  on  the  surface  of 
the  Moon  and  plenets. 

This  requires,  first  of  all,  an  investigation  of  the  influence  of  flight 
factors  on  the  human  and  animal  organism]  then  there  is  the  task  of  selecting 
(or  devising)  appropriate  methods  for  conducting  reliable  medical  monitoring  and 
obtaining  the  information  that  la  necessary  for  making  a  diagnosis. 

Finally,  it  la  no  less  important  to  expect  possible  disturbances,  which 
re quires  the  collection  of  the  moat  diverse  information  on  the  state  of  man  and 
ether  biological  specimens  (bioindicators)  during  flight.  Thus,  the  physiological 
aspect  includes  three  areas t  research,  diagnostic .  and  prognostic.  These  arose 
are  closely  interrelated  to  the  most  divorce  problems  of  space  physiology,  and 
they  are  directly  related  to  the  majority  of  experimental  and  theoretical  research 
that  ia  conducted  on  Earth  and  in  apace.  What  kind  of  information  la  needed  for 
the  rapid  manifestation  of  deviations  in  flight?  What  data  must  the  physician 
have  in  order  to  make  a  diagnosis?  What  must  be  studied  in  order  to  make  a 
prognosis?  These  and  similar  questions  cannot  be  answered  without  taking  into 
account  the  entire  complex  of  data  which  is  at  the  disposal  of  space  biology  and 
medicine.  Without  an  answer  to  these  questions,  it  is  impossible  to  construct 
effective  systems  for  physiological  measurements  in  space  flight. 

In  the  final  result,  the  main  purposo  of  the  application  of  physiological 
methods  in  astronautics  is  to  provide  the  moot  optimum  combination  of  sian  and 
spacecraft  systems.  The  data  obtained  in  the  course  of  flight  experiments  make 
It  possible  to  evaluate  the  state  of  an  astronaut  and.  If  necessary,  to  provide 
the  necessary  measures,  right  up  to  an  energency  return. 

Postflight  analysis  of  physiological  information  makes  it  possible  to  obtain 
the  data  necessary  for  the  further  development  of  theoretical  and  laboratory 
investigations,  and  then  the  formulation  of  new  flight  experiments. 

In  the  future,  physiological  information  will  be  able  to  be  used  directly  on 
a  spacecraft.  The  presence  of  on-board  automatic  processing  systema  will  make  it 
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poMlbie  to  is sus  i  ■  ri  —Brunt  1  in  or  «rtt  (n  or.  mvt sm  for  faiitfi rg  aseistonct 
to  tlM  crewi  B.g„  smergency  oxygen  supply  (biocontrol}.  Dm,  the  future  tasks 
of  physiologlaal  measurements  in  specs  fll£tt  involve  the  opt  la  1  sat  Ion  of 
relationship*  in  tha  "nan -machine"  system.  The  exchange  of  information  in  this 
•yataa  lapllaa  not  only  tha  obtelnment  of  gfta  from  m,  but  also  tha  oppoalte 
influence  of  tha  autoaat loftily  proceeeed  lalwmetlon  on  tha  object  of  measurement. 

In  considering  tha  physiological  measurement  and  lnforaatlon  ayataa  aa  a 
cybernetic  ayataa,  and  emphasising  tha  role  of  feedback,  we  enter  the  area  of  the 

methods  or  physiological  research  from  strieSly  methodological  problems  to  general 

f 

aethodologlcal  ones,  and  even  phlloaophloal  guest lone  related  to  the  further 
development  of  apace  science.  This  approach  makes  it  possible  not  to  restrict 
research  In  thie  area  to  pickups,  amplifying  equipment,  and  individual  methods. 

It  makes  It  pntllhl*  tn  pnpflrtar  tha  aatponaut  nnt  nnlv  aa  a  |nirM  of  Information 

but  alao  as  the  object  of  the  Influence  of  tbe  control  signals  that  art 
generated  by  the  data  analysis  system.  Zt  aakaa  It  possible  to  consider  the 

physician  as  the  link  in  the  physiological  maeaur ament  system  which  provides  for 
the  optimum  processing  of  Informatics  into  control  signals  by  means  of  direct 
participation  In  this  process  (on  Earth  or  on  board)  or  through  on-board  automatic 
devices  which  perform  according  to  algorithms  devised  by  the  physician. 

Scientific  progress  is  possible  only  by  mesne  of  the  selective  collection 
ci'  mutually-comparable  Information,  In  thie  sense,  the  data  obtained  on  Earth 
end  in  flight  serve  ae  a  common  goal,  i.e.,  tha  expansion  of  our  knowledge 
concerning  the  reactions  of  a  living  organism  to  the  action  of  unusual  factors 
and  the  guarantee  of  sare  life  support  in  outer  space.  A  deepening  of  this  idea 
leads  to  the  necessity  of  analysing  numerous  "terrestrial"  situations  with  space 
methods,  l.e.,  to  the  use  of  the  physiological  methods  employed  in  astronautics 
for  clinical  and  hospital  research  or.  Earth.  Only  with  a  similar  method  can 
we  quickly  collect  the  information  needed  for  refining  kb*  methods  of  monitoring, 
research,  and  diagnostics  in  the  forthcoming  long-term  and  long-range  flights. 
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